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BRITISH  ANTARCTIC  (“TERRA  NOVA”)  EXPEDITION,  1910. 

NATURAL  HISTORY  REPORT. 


The  Trustees  of  tlie  British  Museum  have  undertaken  the  pul)lication  of  tlie  Natural 
History  results  of  the  Britisli  Autaretic  (“Terra  Nova”)  Expedition,  1910,  sent  out 
under  the  command  of  the  late  Capt.  R.  F.  Scott,  R.N.,  C.V.().,  and  arrangements 
liave  keen  made  for  working  out  most  of  the  groups  of  specimens  collected. 

It  may  he  useful  to  exj)laiu  that  it  is  proj^osed  to  issue  the  memoirs  fivmi  time  to 
time,  as  they  hec(jme  ready  for  pul)licati(jn.  By  adopting  this  method  the  delay  that 
results  from  waiting  until  a  volume  is  completed  will  he  avoided.  AVheu  a  volume  has 
reached  a  c<mvenieut  size  it  will  Ije  completed  hy  the  issue  of  a  title-page  and  tal)le  of 
(jonteuts. 


Brofessm-  Seward’s 


account  of  the  Antarctic  Fcjssil  Plants  is  the  tirst  of  the 


(leological  ALemoirs  to  he  completed. 


British  Museum  (Natur.\l  History), 
London,  S.W. 

Oct.  24,  1914. 


L.  FLETCHER, 

Director. 


ANTARCTIC  FOSSIL  PLANTS. 


By  A.  C.  SEWARD,  F.R.S.,  Hon.^  Sc.D.  Dublin,  Professor  of  Botany  in  the 

University  of  Cambridge. 


INTRODUCTORY  NOTE. 

The  desciiption  of  specimens  emliodied  in  the  following  pages  was  undertaken  at  the 
invitation  of  the  Trustees  of  the  British  Museum,  and  the  material  was  handed  to  me 
on  May  15  of  this  year  by  Mr.  Raymond  Priestley  and  hlr.  Deheuham. 

I  desire  to  thank  Mrs.  Wilson  for  her  kindness  in  allowing  me  to  make  use  of 
passages  from  Dr.  Wilson’s  diary,  and  for  permission  to  reproduce  two  of  the  pencil- 
sketches  of  Buckley  Island.  I  have  availed  myself  freely  of  generous  oilers  of 
assistance  from  Mr.  Priestley,  Mr.  Deheuham,  and  Mr.  Lillie.  Lieut.  Reunick,  another 
member  of  the  Expedition,  called  my  attention  to  the  map  of  the  Antarctic  Regions 
published  by  Alessrs.  Stanford,  a  simplified  hnin  of  which  is  reproduced  as  Map  C. 
Dr.  Smith  Woodward  has  in  various  ways  lightened  my  pleasant  task,  which  lias 
been  carried  out  in  circumstances  allowino-  l)ut  a  narrow  inaroin  of  time  for  its 

O  & 

completion.  Mr.  W.  N.  Edwards,  of  the  Geologicid  Department  of  the  British  Aluseum, 
has  also  kindly  assisted  me  in  the  correction  of  the  proofs.  I  wish  especially  to 
record  my  appreciation  of  the  troulile  taken  by  Mr.  T.  A.  Brock  in  the  execution  of 
the  accurate  drawings  reproduced  in  Plate  111.  I  am  indebted  to  Mr.  Tams  for  the 
excellent  series  of  photo-micrographs  of  the  indifierently  preserved  stem  reproduced 
in  Plates  IV-VIII. 

I.  PALAEOBOTANICAL  RECORDS  FROM  SOUTH  VICTORIA  LAND 

AND  ADELIE  LAND. 

1.— CAPT.  SCOTT’S  FIRST  EXPEDITION. 

The  records  of  fossil  plants  from  South  Victoria  Laud  prior  to  1912,  though  of 
cousideralile  interest  as  demonstrating  the  former  existence  of  plants  on  the  Antarctic 
continent,  are  not  in  themselves  of  great  liotanical  or  geological  value.  Their  dis¬ 
covery  emphasised  the  desirability  of  further  search  and  raised  hopes  for  the  future 
which  have  been  fully  realised.  Mr.  H.  T.  Eerrar,  geologist  to  Capt.  Scott’s  Antarctic 
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Expedition  of  1901-04,  was  tlie  first  to  discover  traces  of  ancient  plant-life  in  Antarctica. 
The  specimens,  collected  at  two  localities — (i)  the  south-west  arm  of  the  Ferrar  Glacier 
(Map  A,  north  of  78°  S.  lat.),  and  (ii)  the  Inland  Forts,  four  hills  of  sandstone  capped 
l)y  dolerite — were  examined  l)y  Dr.  Arher,  who  briefly  described  the  unpromising 
material  in  a  Report  published  in  the  Natural  History  volume  of  the  Scientific  Results 
(jf  the  Expedition.^  The  material  obtained  from  a  band  200  ft.  below  a  dolerite  sill 
intruded  into  the  sedimentary  strata,  called  by  FerraF  the  Beacon  Sandstone,  shows 
“  caihonaceous  impressions  of  markings,  which  in  all  proljability  are  of  vegetable 
(jrigiii.”  My  own  examination  of  the  specimens  enables  me  tf)  express  agreement  with 
this  conclusion.  The  specimens  from  the  Inland  Forts  are  also  indeterminable,  and, 
as  Dr.  Arber  says,  “  it  is  impossible  to  form  any  opinion  as  to  the  nature  of  the 
carl joiiaceous  substance.  ” 

2.— SIR  ERNEST  SIIACKEET(3N’S  EXPEDITION. 

A  piece  of  fine-grained  sandstone  containing  a  black  band  ^  inch  thick  was  found 
liy  the  Southern  Party  of  Sir  Ernest  Shackleton’s  Expedition  on  December  11,  1908, 
“  below  the  great  uunatak  in  lat.  85°  S.,”®  in  a  moraine  near  the  Cloudmaker  mountain 
on  the  Beardmore  Glacier  (Map  A).  This  black  band  was  described  by  Mr.  E.  J. 
GoddariP  as  coniferous  wood.  The  structure  is,  unfortunately,  very  imperfectly 
preserved,  and  an  examination  of  the  pulflished  photo-micrographs  and  others  shown 
to  me  by  Mr.  Priestley  confirms  the  conclusion  that  precise  determination  is  impossible. 
In  the  absence  of  clearly  preserved  pitting  on  the  walls  of  the  elements  composing  the 
homogeneous  wood,  it  is  impossible  to  say  whether  the  plant  was  a  Conifer  or  a 
member  (jf  the  Cordaitales,  a  group  of  Gymnosperms  which  reached  its  maximum 
development  in  the  latter  part  of  the  Carboniferous  period,  or  possibly  the  wood  of 
s(,)me  other  extinct  type  (h‘  Gynmosperm.  The  specimen  is  interesting  as  the  first 
undoul)ted  record  (jf  an  arborescent  plant  from  the  Beacon  vSaudstone  series. 

;i.  SIR  DOUGLAS  MAAVSON’S  AUSTRALASIAN  ANTARCTIC  EXPEDITION 

(1911-1914). 

Mr.  Priestley  informs  me  that  carbonaceous  markings  were  found  by  meml;)ers  of 
Sir  Douglas  Mawson’s  Expedition  in  carbonaceous  shale,  believed  by  Prof.  Edgeworth 
David  to  belong  to  the  Beacon  Sandstone  series,  exposed  on  nunatakker  in  Adelie 
Land  (Map  C,  07°  S.  lat.  140°  long.),  250  miles  east  of  Headquarters. 


'  National  Antarctic  Expedition,  1901-04.  Natural  History.  Vol.  T.  Geology,  p.  48.  London,  1907. 
-  Op.  cit.  p.  39. 

■*  The  Heart  of  the  Antarctic,  being  the  iStory  of  the  British  Antarctic  Expedition,  1907-1909,  by 
E.  H.  Shackleton.  Vol.  1,  p.  3'JO. 

■*  Oj).  cit.  vol.  11,  p.  300. 
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MAP  A. — A  portion  of  the  Antarctic  regions  showing  Capt.  Scott’s  route  to  the  South  Pole  and  the  localities) 
indicated  by  black  dots,  where  fossil  plants,  or  indications  of  plants,  have  been  discovered.  The  map  is 
based  on  the  general  map  published  in  Sir  Ernest  Shackleton’s  book  “  The  Heart  of  the  Antarctic,”  with 
some  additions  from  Capt.  Amundsen’s  map  published  in  “  The  South  Pole  ”  (1912). 
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“TERRA  NOVA”  EXPEDITION. 


4._0APT.  SC(JTT’S  second  expedition. 

In  the  course  of  the  Western  Geological  Journey  by  members  of  Capt.  Scott’s 
last  expedition  ]\Ir.  Debenham  found  pieces  of  impure  coal  containing  fragments  of 
carbonised  tissue  in  a  moraine  at  the  foot  of  ]Mt.  Suess  (Map  A,  77°  S.  hit.).  It  was 
at  tins  locality  that  the  Upper  Devonian  fish-scales  identified  by  Dr.  Smith  M  oodward 
were  discovered. 

In  his  account  of  the  Journey  of  the  Northern  Party,  Commander  (then  Lieutenant) 
Campbell  records  the  discovery  on  January  27,  1912,  of  a  sandstone  containing  fossil 
wood  (specimen  E,  PL  II,  figs.  G  and  7),  and  on  February  1  he  wrote:  “During  the 
day  1  found  one  large  piece  of  sandstone  with  the  impression  of  part  of  a  fossil  tree 


Fig.  1. — Specimen  A.  Charred  wood  in  quartzitic  sandstone  from  the  moraine  on  the  Priestlev  Glacier 
shown  in  text-fig.  2.  From  a  photograph  by  Surgeon  Levick,  e.n.  -1-  nat.  size.  (See  also  PI.  I., 
fig.  1.) 

(specimen  A).  The  photographs  reproduced  on  PI.  II,  figs.  G  and  7,  show  the  im¬ 
perfectly  preserved  tissue  of  the  specimen  found  on  January  27,  and  a  jiiece  of  the 
fossil  tree  collected  on  February  1  is  reproduced  in  text-fig.  1  and  in  Fig.  1,  PI.  I.  On 
February  2,  he  adds  :  “  AVe  spent  the  forenoon  breaking  up  a  big  lioulder  [arkose 
conglomerate],  a  longer  jol)  than  we  expected,  as  the  lower  half  was  embedded  in  the 
frozen  soil.  After  digging  it  out  and  rolling  it  over,  Priestley  split  it  open.  Inside 

^  Scott’s  Last  Expedition,  Yol.  II,  p.  123.  London,  1913. 


ANTARCTIC  FOSSIL  PLANTS.  5 

was  fouiid  a  l»eautiful  specimen  of  wood.  Levick  pliotograplied  it  l>efore  we  proceeded 
to  l)reak  it  up,  as  we  knew  we  could  never  get  it  out  whole.”  Tlie  wood  [Antarctir- 
oxylon  Pi‘iestlei/i),  found  ou  a  moraine  on  the  Priestley  Glacier  south  of  74°  tS.  lat. 
(Map  A  ;  text-fig.  2),  is  illustrated  in  text-lig.  3  and  ou  Pis.  IV— VIIL  Mr.  Priestley 
wrote  in  his  diary  on  the  same  day  (FePrnary  2) :  “Found  one  piece  a  foot  long  and 
3  inches  Inroad  hy  an  inch  thick,  hut  did  not  get  the  whole  of  it  out.” 

The  other  fossil  plants  brought  home  1)y  the  “Terra  Nova  ”  are  those  discovered 
by  the  Polar  Party  in  Felu'uary,  1912.  In  his  Journal  of  February  8,  (Apt.  iScott 
wrote  :  ^ — “  W  lunched  at  2  well  down  towards  Mt.  Buckley  (Map  A,  85°  81.  lat.  ;  text- 


Fic4.  2. — The  medial  moraine  on  the  Priestley  Glacier,  on  the  west  side  of  which  the  sandstone  boidders 
were  found  containing  the  stem  of  Anfarcticoxiilon  and  other  plant  remains  (specimens  A  and  B). 
The  photograph,  taken  by  Surgeon  Levick,  r.n.,  looks  N.N.W.  ;  the  boulders  on  the  west  side  being 
derived  from  hills  to  the  west,  from  which  they  were  brought  by  a  tributaiy  glaciei'. 

figs.  4  and  5),  the  wind  half  a  gale  and  everybody  very  cold  and  cheerless.  However, 
better  things  were  to  follow  .  .  .  the  moraine  was  obviously  so  interesting  that  when 
we  had  advanced  some  miles  and  got  out  of  the  wind  I  decided  to  camp  and  spend  the 
rest  of  the  day  geologising.  ...  We  found  ourselves  under  perpendicular  walls  of 
Beacon  sandstone,  weathering  rapidly  and  carrying  veritable  coal  seams.  From  the 
last,  Wilson,  with  his  sharp  eyes,  has  picked  several  pieces  of  coal  with  beautifully 
traced  leaves  in  layers  \_Glossopteris  indica  Schimp.  ;  PI.  II,  fig.  8,  etc.],  also  some 


^  Op.  cit.  Vol.  I,  p.  564. 
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excellently  preserved  impressions  of  thick  stems,  showing  cellular  structure  ”  (specimen 
C  ;  PL  I,  fig.  3).  (-)n  the  following  day  after  travelling  13  miles  they  “kept  along  the 

edge  of  the  moraine  to  the  end  of  Mt.  Buckley.  .  .  Wilson  got  pieces  of  vegetable 
impressions  in  pieces  of  limestone  ”  [calcareous  sandstone]. 

It  was  on  the  return  from  the  Pole,  only  three  days  before  Capt.  Scott  began  his 
diary  with  the  words  :  “  In  a  very  critical  condition,”  and  less  than  six  weeks  before 
the  last  entry  was  made,  that  the  fossils  were  collected.  In  his  account  of  the 
(le(dogical  History  of  South  Victoria  Land  l\Ir.  Hebenham  writes:  “The  35lbs.  of 
specimens  lu’ought  back  by  the  Polar  Party  from  IMt.  Buckley  contain  impressions  of 


Fig.  3. — tk-oken  sandstone  boulder  on  the  Priestley  Glacier  moraine  containing  the  petrified  stem  of 
Antarcticoxi/lon  Priestleyi.  From  a  photogra23h  by  Surgeon  Levick,  E.x.  i  nat.  size.  In  the 
left-hand  jjiece  the  spiral  disposition  of  the  elongated  light  patches,  marking  the  position  of  leaf-traces, 
is  clearly  shown. 

fossil  plants  of  late  Palaeozoic  age,  some  of  which  a  cursory  inspection  identifies  as 
occurring  in  other  parts  of  the  world.  When  fully  examined,  they  will  assuredly 
prove  to  1)6  of  the  highest  geological  importance.”^  The  impressions  referred  to  are 
leaves  of  Glossopterls,  one  of  the  few  genera  that  can  be  identified  with  confidence 
from  fragmentary  specimens.  Their  occurrence  300  miles  from  the  Pole  is  not 
merely  a  fact  of  the  greatest  interest,  but,  considering  the  fragmentary  nature  of 
the  material,  it  is  a  cause  of  profound  satisfaction  that  the  best  preserved  specimens 

Op.  fit.  Vol.  II,  p.  437. 
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collected  by  Dr.  Wilson  and  Lieut.  Bowers 
leave  no  shadow  of  doul)t  as  to  their  generic 
position.  The  discovery  of  Glossopteri^  was 
singularly  fortunate  ;  it  is  one  of  the  most 
widely  distrilmted  and  characteristic  members 
of  a  flora  which,  from  the  point  of  view  l)oth 
of  palaeo-pliytogeography  and  of  geological 
history  in  the  widest  sense,  is  of  the  greatest 
interest.  As  Mr.  Delienham  says  in  his  sum¬ 
mary  of  Geological  Journeys ;  “  The  notes 

made  liy  Dr.  Wilson  and  the  specimens 
collected  by  him  and  by  Lieut.  Bowers  are 
perhaps  the  most  important  of  all  the 
geological  results.  The  plant  fossils  collected 
by  this  party  are  the  best  preserved  of  any 
yet  found  in  this  cjuadrant  of  the  Antarctic, 
and  are  of  the  character  1  )est  suited  to  settle  a 
long-standing  controversy  l)etweeu  geologists 
as  to  the  nature  of  the  former  union  between 
Antarctica  and  Australasia.”  ^ 

Mount  Buckley,  or  Buckley  Island  (text- 
figs.  4  and  5),  is  a  uunatak  rising  to  a  height 
of  8,000  feet  from  the  Beardmore  Glacier  in 
lat.  85°  S.  Due  of  the  last  pencil  sketches 
made  l)y  Dr.  Wilson  on  the  return  journey 
from  the  Pole  is  that  of  Mt.  Buckley  repro¬ 
duced  in  Scott’s  “  Last  Expedition.”  ^  In 
text-fig.  G,  A  and  B,  are  reproduced  two 
sketches  of  the  same  uunatak  made  by  Dr. 
Wilson  on  the  outward  journey  in  December, 
1912.  The  sandstone  formiuor  the  greater 

O  O 

part  of  the  cliffs  Iielongs  to  the  Beacon  Sand¬ 
stone  series  ;  it  is  capped  by  dolerite,  a  part 
of  the  McMurdo  sill  which  extends  from  71° 
to  85°  S.  lat.  and  probably  still  further  south. 
In  the  moraine  at  the  foot  of  the  cliff  were 
found  large  boulders  of  calcareous  sandstone 
called  by  Dr.  Wilson  limestone,  and  believed 


^  Op.  cit.  Vol.  II,  p.  438. 
-  Vol.  I,  p.  56G. 


Fig.  4.- — Buckley  Island  from  the  Beardmore  Glacier.  From  a  photograph  by  Mr.  0.  S.  Wright. 
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by  him  to  have  come  from  some  locality  between  Mt.  Darvhn  (iMap  A,  85°  S.  lat.) 
and  IMt.  Buckley,  “  where  a  very  heavy  glacier  comes  down  from  the  mountains  at 
the  back  and  from  the  summit.”  In  the  enormous  sandstone  boulders,  derived  from 
the  Beacon  Sandstone,  were  found  some  fossils  described  by  Dr.  Wilson  in  his  diary 
as :  “  long  stalks  of  vegetable  origin  .  .  .  from  ^  to  |  inch  across,  with  cellular 
markings  in  cast  with  black  crystalline  coal  fragments  in  pits  ”  (specimen  C).  One  of 
these  stalks  is  reproduced  in  PI.  I,  fig.  3.  Coal  seams  were  abundant  in  the  Beacon 
Sandstone  cliff :  “  none  of  them,”  writes  Wilson,  “  were  deep  or  broad,  a  few  feet  of 


Fig.  5. — Buckley  Island ;  an  enlarged  view  of  a  portion  of  the  whole  shown  in  Fig.  4.  From  a  photograjdi 

hy  Mr.  C.  S.  Wright. 


dark  blackish  slaty,  shaly,  or  coaly  matter,  some  of  it  very  soft,  some  exceedino-lv 
hard,  some  splitting  easily,  and  some  breaking  vertically  into  lilocks.  .  .  In  the  cliffs 
the  coal  seams  are  arranged  at  irregular  intervals,  but  making  very  regular  liands.” 
Dr.  Wilson  continues:  “  As  we  travelled  along  the  cliffs  on  the  9th,  we  saw  one  or 
two  seams  of  very  genuine  and  really  black  coal.  .  .  There  were  to  be  found  in  inanv 
of  the  sandstone  blocks  twisted  bands  of  coal,  much  contorted  and  full  of  veo-etable 
remains.  .  .  But  tlie  best  leaf-impressions  and  the  most  olivious  were  in  the  rotten 
lumps  of  weathered  coal  which  split  up  easily  to  sheath-knife  and  hammer.  Every 
layer  of  these  gave  alnmdant  vegetable  remains.  IMost  of  the  bigger  leaves  were  like 
beech  leaves  in  shape  and  venation,  in  size  a  little  smaller  than  British  beech,  and  the 
vemitiou  much  more  abundant  and  finer  in  character,  but  distinctly  beech-like.”  I 
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have  not  heen  al)le  to  ol)taiii  any  satisfactory  preparati<3ns  of  tissue  fragments  fr<jm 
the  coal,  1)nt  on  the  surface  of  the  car])onaceous  shale  pieces  of  (jrlossopteris-\enN&^ 
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Fig.  6. — Tlie  dills  of  Mount  Bud^ley  as  seen  from  the  Beai’dmore  Glacier.  From  sketches  made  hy 
Dr.  Wilson  on  Deceml)er  21,  1911,  on  the  outward  journey  of  the  Polar  })ai'ty.  The  strata,  with  the 
exception  of  the  highest  beds  seen  in  Fig.  B,  in  all  })robal3ility  belong  to  the  Beacon  Sandstone  series. 
In  the  sketch  of  the  S.W.  end  of  the  mountain  (Fig.  A)  some  of  the  screes  present  a  dece])tive 
resemblance  to  inclined  strata. 


are  clearly  shown  :  these  are  the  lieech-like  impressions  referred  to  in  the  diary.  The 
narrow  l)ands  of  coal  inter!  )edded  with  shale  nndouljtedly  represent  deljiis  of  drifted 
vegetation  and  not  the  remains  of  plants  in  situ. 


<; 
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5.— THE  BEACON  SANDSTONE. 

The  Beacon  Sandstone  in  which  the  fossil  plants  were  found,  so  called  from  the 
hills  named  hy  Lieut.  Armitage  the  Beacon  Heights,  plays  a  very  important  part  in 
the  configuration  of  the  mountains  and  nunataks  of  Antarctica.  With  the  exception 
of  tlie  plants  and  fish-scales  oljtained  l)y  members  of  Capt.  Scott’s  two  expeditions  and 
of  Sir  Ernest  Shackleton’s  expedition,  the  strata  have  afforded  no  evidence  of  life. 
The  almost  horizontal  sandstone  occasionally  associated  with  impure  coal  and 
carbonaceous  shale  forms  a  series  of  considerable  thickness  in  South  Victoria  Land.  As 
Dr.  Cf.  T.  Prior^  points  out  in  his  Report  on  the  rock  specimens  collected  by  the  First 
Scott  Expedition,  the  quartz  grains  of  the  sandstone  have  well  rounded  angles,  a 
feature  suggesting  the  action  of  sandstorms  in  a  dry  chmate.  Mr.  Debenham^  cites 
the  occurrence  of  sun-cracks  and  ripple-marks  as  additional  evidence  of  semi-arid 
conditions,  though,  as  he  says,  the  presence  of  coal  indicates  “  a  humid  climate  and  a 
marshy  topography.”  This  dominant  Antarctic  formation  extends  from  Mt.  Nansen 
(i\Iap  A)  to  at  least  as  far  south  as  latitude  85°  S.,  a  distance  of  700  miles.  In  latitude 
85°  S.  the  Beacon  Sandstone  series  reaches  a  thickness  of  1,500  feet;  500  feet  of 
sandstone  at  the  top  resting  on  300  feet  of  the  same  material  interbedded  with  shale, 
and  several  seams  of  coal  succeeded  l)y  700  feet  of  more  sandstone  with  large  water- 
worn  pebl)les  in  the  lower  l)eds.^  The  granites  and  gneisses  from  which  the  material 
of  the  Beacon  Sandstone  was  derived  were  in  all  probal.)ility  exj)osed  to  the  disin¬ 
tegrating  action  of  wind-l)lown  sand  in  a  climate  sufficiently  mild  to  permit  of  the 
existence  of  Glo.'^sopteris  and  other  plants.  Fragments  of  leaves  and  twigs  with  larger 
logs  of  wood  were  carried  by  rivers  or  marine  currents  and  ljuried  in  the  barren  sand 
that  was  l)eing  piled  up  on  the  floor  of  an  Antarctic  sea,  to  Ije  subsequently  uplifted  as 
vast  sheets  of  sedimentary  strata,  which  at  a  later  stage  were  penetrated  bv  the 
products  of  a  widespread  volcanic  activity. 

Charred  remains  of  plant-organs  and  the  almost  complete  obliteration  of  structure 
in  the  pieces  of  wood  collected  l)oth  from  the  sandstone  and  the  volcanic  tuff,  attest  the 
proximity  of  intrusive  sheets;  and  in  some  rocks  collected  l)y  IMr.  Debenham  and 
^Ir.  Priestley  the  former  presence  of  plants  is  shown  l)y  the  al)undance  of  Idack  streaks 
and  occasional  patches  of  graphite,  which  mark  a  further  stage  of  metamorphism.  The 
small  uuni])er  of  recognisalde  fossils  cannot  lie  accepted  as  a  criterion  of  the  paucity  of 
the  vegetation.  The  piece  of  rock  reproduced  in  Fig.  8,  PI.  H,  covered  with  overlajiping 
fragments  of  Glossojtfen's-fi'onds  recalls  certain  beds  in  South  Africa  and  Australia 
packed  with  the  same  type  of  leaf ;  the  occurrence  of  coal-seams  and  carlionaceous 
l)ands  favours  the  view  that  the  wind-swept  hills  of  the  Antarctic  continent,  though 
})erhaps  themselves  sparsely  clad  with  vegetation,  overlooked  some  sheltered  lowlands 
covered  with  the  gregarious  Glossopteris  and  its  associates. 

^  National  Antarctic  Expedition,  1901-04-.  Natural  History.  Vol.  I,  Geologj’,  p.  134,  fig.  71. 

-  Scott’s  Last  Expedition.  Vol.  II,  p.  435. 

®  T.  W.  Edgeworth  David  and  R.  E.  Priestley,  “  Heart  of  the  Antarctic.”  Vol.  IT,  p.  299. 
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11.  FOSSIL  PLANTS  FROM  GRAHAM  LAND  AND 
KERGUELEN  ISLAND. 

1. — GRAHAM  LAND  (Map  C,  lat.  65°  S.,  long.  60°;  Map  B,  P.). 

No  evidence  lias  so  far  l)eeu  discovered  of  the  existence  of  the  Glossopteris  flora  in 
this  southern  remnant  of  a  lost  continent.  In  1904  Prof  NathorsP  announced  the 
discovery  of  a  comparatively  rich  Jurassic  flora  hy  inemliers  of  the  Swedish  Antarctic 
Expedition  of  1901-03,  and  the  recently  pnhlished  description  of  the  specimens  liy 
Dr.  Halle  ^  demonstrates  the  remarkal  )le  fact  that  during  the  J urassic  period  vegetation 
flourished  as  far  south  as  lat.  63°  15',  characterised  hy  the  presence  of  several  species 
that  are  widely  distributed  in  Aliddle  Jurassic  strata  in  Europe,  North  America,  India, 
and  the  Far  East. 

From  Seymour  Island  (lat.  64°  16'  S.)  the  Swedish  exjilorers  obtained  several 
Tertiary  plants,  which  have  been  descrilied  by  Dr.  Dusen^  and  by  Dr.  Gotham'* * 

2. — KERGUELEN  ISLAND  (Map  C,  lat.  50°  S.,  long.  70°;  Map  B,  Q). 

The  main  island  and  a  host  of  smaller  islands  consist  for  the  most  part  of  basaltic 
rocks,  and  probably  represent  “  the  upper  porti(in  of  a  submerged  plateau  of  consider¬ 
able  extent.”  ®  Fossil  wood  was  found  embedded  in  igneous  rock  during  the  visit  of 
the  Ross  Expedition  in  1840,  one  piece  being  7  feet  in  circumference,®  and  since  then 
additional  specimens  have  been  collected.  Material  brought  by  Capt.  von  Sehleinitz 
was  described  by  Goeppert'  in  1881  as  a  species  of  Aramai'ites the  examination  of 
sections  cut  from  a  piece  of  petrified  wood  in  the  British  Aluseum,  obtained  by  Sir 
Joseph  Hooker,  who  accompanied  Sir  Janies  Ross,  enables  me  to  confirm  Goeppert’s 
statement  as  to  the  occurrence  of  Araucarian  wood.  The  presence  of  another 
type  of  coniferous  wood  [CupressinoTylon)  has  been  recorded  by  Beust®  and  Crie.® 
Precise  data  as  to  the  age  of  the  plants  are  lacking,  but  they  are  generally 
assigned  to  the  Tertiary  period ;  the  conditions  under  which  the  stems  are 
preserved  suggest  comparison  with  the  preservation  of  plants  in  old  surface-soils 
lietween  the  sheets  of  liasalt  in  the  volcanic  plateau  in  the  north-west  of  Tertiary 
Europe.  The  published  photographs  and  sketches  of  Kerguelen  Island,  particularly 
those  in  the  well-illustrated  volume  containing  an  account  of  the  observations  made  by 


^  Natliorst  (04).  Halle  (13). 

Duseii  (08).  ■*  Gothaii  (08). 

®  Thomson  and  Murray  (85),  p.  347.  “  Ross  (47),  p.  71. 

'  Goeppert  (81) ;  Gothan  (08),  p.  13  ;  see  also  Studer  (78). 

*  Reust  (85),  p.  12.  Crie  (89),  pi.  X,  lig,s.  1-0. 
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meml)ers  of  the  Gerniau  South  Polar  Expedition  of  1901—1903/  show  a  close 
resemhlaiice  between  the  flat-topped  basaltic  hills  of  Kerguelen  Island  and  those  of 
South  Victoria  Laud.  Though  such  resemblance  is  in  itself  of  very  little  value  as  a 
criterion  of  contemporaneity,  it  may  be  that  there  was  an  extensive  outpouring  of 
volcanic  material  over  an  enormous  area  in  the  Tertiary  period. 


III.  DESCRIPTION  OF  SPECIMENS. 

1 .  Carbonised  Pieces  of  Stems.  Specimen  A ;  from  the  Priestley  Glacier.  Text- 
figure  1  and  Plate  I,  fig.  1. 

This  specimen  consists  of  two  portions  of  a  carliouised  stem  in  a  quartzitic  sandstone 
(text-fig.  1  and  fig.  1,  PI.  I).  The  larger  of  the  two  pieces  is  34  cm.  long,  and  14  cm. 
broad;  another  piece,  not  reprodiuT.d,  has  a  maximum  breadth  of  17  cm.  The 
sul)stance  of  the  plant  (jccurs  in  the  form  of  more  or  less  regular  rows  of  square  or 
olflong  patches  or  as  longer  strips  of  carbonised  tissue  embedded  in  depressions  bounded 
by  projecting  ridges  of  the  sandstone  matrix  :  the  edges  of  the  1  flack  patches  are  for 
the  most  part  sharp  and  clean-cut.  The  breaking  up  of  the  material  into  cubical 
blocks  recalls  a  log  charred  by  fire,  and  a  probable  interpretation  of  the  peculiar 
method  of  preservation  is  that  the  stem  was  exposed  to  the  action  of  volcanic  heat. 
It  is  noteworthy  that  the  hardness  and  texture  of  the  rock  are  also  suggestive  of  the 
proximity  of  a  lava-flow  or  intrusive  dyke.  In  the  case  of  a  soft  stem  containing  a 
large  amount  of  water,  exposure  to  the  desiccating  influence  of  sun  and  wind  might 
cause  shrinkao-e  and  cracking-  like  that  shown  in  Fig;.  1,  PI.  I ;  but  the  more  drastic 
action  of  heat  would  probably  lie  necessary  to  cause  the  tissues  of  a  tough,  woody  stem, 
e.g.  that  of  a  Conifer,  to  split  both  transversely  and  longitudinally.  The  state  of 
})reservation  reminds  me  of  a  piece  of  stem  of  the  large  Antarctic  alga  Lessonia,  which 
on  drying  undergoes  consideralile  contraction,  the  outer  tissue  lieiug  split  into  separate 
l)locks  by  intersecting  fissures.  The  stems  of  Lessonia  reach  the  thickness  of  a  man’s 
thigh,  and  are  usually  five  to  ten  feet  in  length.  Sir  Joseph  Hooker’s  story  ^  of  the 
captain  of  a  lirig  who  em})loyed  his  crew  for  two  days  collecting  Lessonin-stems  that 
had  been  washed  up  on  the  lieacli,  in  the  belief  that  they  were  logs  fit  for  fuel,  gives 
point  to  the  suggestion  that  such  stems  may  also  in  a  fossil  state  be  mistalveu  for  trunks 
of  (Jymnosperms. 

Chemical  treatment  of  the  carl  )onised  tissue  gave  no  results  ;  1  uit  some  of  the 
patches,  on  magnification,  show  distinct  indications  of  a  longitudinal  striation  suggestive 
of  woody  elements.  Although  identification  of  the  stems  is  impossilJe,  the  jirobability 
is  that  they  are  pieces  of  a  well-grown  Gymnospermous  tree  with  a  comparatively  thick 
and  straight  stem  such  as  would  not  lie  produced  in  a  climate  coinjiarable  with  that  in 
the  Antarctic  regions  at  the  present  day.  The  occurrence  of  the  liroken  stem  in  a 

Hooker  (44). 


^  Drygalski  (12). 
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sedimentary  rock  indicates  drifting;  the  konlder  in  which  the  fossil  was  fonnd  mnst 
have  travelled  some  twenty  or  thirty  miles  from  the  parent  rock.  How  far  the  wood 
was  carried  l)y  cnrrents  cannot  he  determined. 

2.  Carbonised  Wood.  Specimen  B ;  from  the  Priestley  Glacier.  Plate  I,  fig.  2. 

The  specimen  reproduced  natural  size  in  Fig.  2  is  one  of  several  pieces  of  wood 
discovered  on  splitting  a  block  of  sandstone  brought  from  the  moraine  on  the  Priestley 
Glacier  ;  it  is  interesting  on  account  of  the  striking  resemblance  to  freshly  l)urnt  wood, 
a  resemlilance  which  supports  the  comparison  made  with  reference  to  the  larger  pieces 
shown  in  Fig.  1  from  the  same  rock. 

The  rock  containing  specimens  A  and  B  is  proljably  derived  from  the  Beacon 
Sandstone  series. 

3.  Portion  of  a  Stem.  Specimeu  C  ;  from  the  BiK-kley  Island  moraine.  Plate  I, 

fig.  3. 

This  is  the  specimen  descrilied  by  Dr.  Wilson  as  a  stem  with  “  cellular  structure  ”  : 
the  complete  fossil  has  a  length  of  14  cm.  ami  a  breadth  of  l'2cm.  All  the 
carlionaceons  matter  has  disappeared  except  at  the  edges,  where  it  is  left  as  small 
patches  in  depressions  liounded  by  intersecting  ridges  caused  ])y  sand  filling  up  cracks 
like  those,  on  a  larger  scale,  in  specimen  A.  The  rock  is  probaldy  from  the  Beacon 
Sandstone  series. 

4.  Fragment  of  Wood.  Specimen  D  ;  from  Buckley  Island.  Plate  II,  figs.  4,  5. 

The  fragments  illustrated  by  the  two  sections  reproduced  in  Figs.  4  and  5  are 
emliedded  in  a  piece  of  siliceous  rock  from  near  the  top  of  the  Beacon  Sa.ndstone.  The 
structure  is  almost  completely  obliterated,  presumably  by  the  neighbouring  dolerite 
sill ;  but  under  a  low  magnifying  power  transverse  sections  of  the  fragments  show 
closely-arranged  darker  and  lighter  lines  bent  into  sharp  zigzag  folds  which  are  mj 
doubt  ghosts  of  xylem  elements,  the  tissue  being  replaced  by  numerous  particles  of 
carlion  scattered  throuoh  the  siliceous  matrix.  The  fainter  traces  of  structure  seen  in 

O 

Fig.  5  point  to  a  further  stage  of  metamorphism  than  is  represented  l)y  the  section 
reproduced  in  Fig.  4.  The  wood  is  prol)ably  that  of  a  Gymiiospermous  plant. 

A  question  suggested  by  the  almost  complete  obliteration  of  tlie  structural 
features  of  the  wood  and  by  the  presence  of  the  carbon  particles,  is  the  relation  in  time 
lietween  the  burying  of  the  plant  fragments  in  sand  and  their  exposure  to  heat.  The 
state  of  the  wood  suggests  that  the  tissues  had  not  been  petrified  when  it  wvas  exposed 
to  heat,  but  on  the  other  hand  wood  may  l)e  preserved  in  a  carbonised  condition  for  an 
unlimited  time,  and  if  a  stem  that  had  already  been  partially  converted  into  coal  were 
exposed  to  the  iufiuence  of  igneous  intrusions  the  efiect  might  well  be  to  convert  the 
carbonised  tissue  into  small  particles  of  carljon  like  those  seen  in  the  sections  of  this 
specimen. 


14 


“TERRA  NOVA”  EXPEDITION. 


5.  Wood  partially  converted  into  Impure  Bituminous  “  Coal.”  Specimen  E ; 

Priestley  Glacier.  Plate  II,  figs.  6  and  7. 

Several  pieces  of  a  dark  firown  material  of  low  specific  gravity  were  obtained  from 
a  Ifiock  of  volcanic  tulf  on  the  Priestley  Glacier.  They  consist  of  very  imperfectly 
preserved  and  crushed  wood  of  homogeneous  structure.  The  brown  walls  of  the  torn 
tracheids,  in  places  where  they  are  cut  obliquely,  present  an  appearance  suggestive  of 
scalariform  or  spiral  bands,  but  this  is  doubtless  due  to  decay  acting  along  lines 
determined  liy  the  structural  features  of  the  meml)rane.  There  is  no  trace  of  any 
undoubted  pitting.  As  seen  in  Fig.  6,  the  structure  in  some  parts  of  the  section  is 
masked  by  the  presence  of  opaque  bands  of  a  Ijitumiiious  substance  which  has  filled  the 
lumina  of  the  tracheids.  The  lighter  patches  shown  in  Fig.  6  consist  of  crushed 
xylem  elements  in  oblique  transverse  section  occupying  the  meshes  of  an  irregular 
recticulum  formed  by  the  replacement  of  the  wood  by  bituminous  material.  On  one 
side  of  the  section  this  reticulum  passes  into  more  or  less  parallel  tongues  of  an  opaque 
sul)stance,  with  little  or  no  trace  of  woody  structure.  The  enlarged  view  of  a  portion 
of  the  section  reproduced  in  Fig.  7  shows  more  clearly  the  contrast  between  the  two 
types  of  preservation.  The  sections  recall  preparations  of  jet^  from  the  Liassic  rocks  of 
Yorkshire  showing  similar  stages  in  the  obliteration  of  the  structure  of  a  stem. 

Some  of  the  lighter  veins  running  through  the  wood  are  occupied  liy  small 
twinned  crystals  of  albite,^  a  result  most  probably  of  volcanic  action. 

Mr.  Summers,  of  Emmanuel  College,  who  kindly  examined  a  piece  of  this  material 
for  me,  reports  that  on  heating  it  gave  off  thick  fumes  which  formed  a  sooty  deposit 
on  the  sides  of  the  crucible  and  soon  broke  into  flame.  After  being  kept  at  white  heat 
for  twenty  minutes,  a  piece  of  ash  was  left  apjiroximately  equal  in  size  to  the  original 
specimeii.  The  ash,  which  was  not  acted  upon  by  acids,  formed  34  per  cent,  of  the 
whole. 

Though  identification  is  impossible,  the  wood  is  probably  that  of  a  Gymnosperm. 

G.  Specimen  F.  Buckley  Island. 

Several  pieces  of  greenish  grit  contain  fragments  of  carl)onised  plants,  but  none  of 
them  can  be  identified. 

7.  Specimen  G.  Buckley  Island. 

The  calcareous  sandstone  described  by  Dr.  Wilson  in  his  notes  on  the  Buckley 
Nunatak  as  limestone,  contains  pieces  of  wood  which,  though  not  determinable,  afford 
additional  evidence  of  the  existence  of  arborescent  plants  when  the  Beacon  Sandstone 
was  deposited. 

^  Compare,  especially  PI.  VIII,  figs.  1-7,  Seward  (04^. 

"  I  am  iodebted  to  IMr.  Harker  and  Mr.  Debenham  for  identify  ing  the  crystals. 
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Glossopterls  indica  Schimp.  Plate  II,  fig.  8  ;  Plate  III,  figs.  9,  9a. 

The  best  specimen  obtained  by  Dr.  Wilson  frcnn  Buckley  Island  is  that  reproduced 
natural  size  in  Fig.  8,  PI.  II.  On  both  sides  of  the  rock  (a  hard  siliceous  shale)  are 
several  fragments  of  CTlossojfteris-fvoiKis  associated  with  broken  pieces  of  racliises  and 
a  broader  axis  that  is  described  below  as  possibly  a  portion  of  Vertel)rari(i.  (Fig.  8, 
V,  PI.  II;  Figs.  10,  10a,  PI.  IIP).  None  of  the  fragments  show  either  the  base 
or  apex  of  the  lamina,  but  the  venation  is  clearly  preserved.  The  best  piece  of  lamina 
is  reproduced  in  Fig.  9  from  a  careful  drawing  by  Mr.  Brock.  The  secondary  veins 
are  given  off  at  an  angle  of  50° :  in  the  lower  part  of  their  course  they  form 
elongated  polygonal  meshes,  while  further  from  the  rachis  the  oblique  anastomoses  are 
fewer  and  further  apart,  the  veins  pursuing  a  regular  parallel  course  al:)out  •  5  mm. 
apart. 

There  is  a  very  close  resenil  )lance  between  the  venation  of  this  piece  of  leaf  and 
that  of  the  type-specimen  of  Glossopterls  indica  figured  l)y  Zeiller,^  which,  in  my 
opinion,  leaves  no  doubt  as  to  their  specific  identity.  The  distinction  between 
Glossopterls  Broicniana  Brongu.  and  G.  indica  Schimp.  is  l)y  no  means  well-marked 
in  all  cases  ;  it  depends  in  part  on  the  form  of  the  frond  as  a  wliole,  but  chiefly  on  the 
form  of  the  reticulum  made  by  the  anastomosing  veins.  In  Glossopteris  Brntniiana 
the  longer  sides  of  the  areolae  tend  to  be  more  curved  than  in  G.  indica,  which  is 
characterised  1)y  elongated  meshes  with  parallel  sides,  though  near  the  midrib  the 
meshes  are  often  broader  and  identical  with  those  of  G.  Broicniana.  It  is,  however, 
difficult,  especially  in  dealing  with  small  pieces,  to  recognise  any  trustworthy 
distiuo-ui.shino;  feature.  In  view  of  the  rano;e  of  variati(jn  in  the  arrano-ement  of 
the  auastomosino;  veins  even  in  a  siimle  leaf,  and  still  more  in  different  leaves  that 
cannot  be  specifically  separated,  I  lijrmerly^  adojited  the  plan  of  using  the  species- 
names  indica  and  angustifolia  as  variety-designations,  but  Zeiller’s  careful  investigation 
of  the  type-specimens  in  Paris  has  supplied  more  satisfactory  grounds  for  retaining 
the  names  Broicniana,  indica,  and  ain/ustifolia  as  specific  designations. 

]drtel)raria  sp.  Plate  II,  fig.  8,  v.  ;  Plate  III,  figs.  10,  fOA. 

The  largest  piece  of  axis,  5 '5  mm.  broad,  preserved  on  the  slab  sliown  in  Fig.  8, 
PL  II,  is  represented  in  Fig.  10.  The  surface  is  uneven  and  characterised  l)y  raised 
and  depressed  portions  suggesting  comparison  with  the  peculiar  features  of  Vertehraria 
as  described  by  many  authors.  Specimens  figured  by  Zeiller,^  from  South  Africa,  bear 
a  distinct  resenil)lance  to  the  Antarctic  fragment.  The  roughly  parallel  and  hiiutly- 
marked  ridges  seen  in  the  enlarged  drawing.  Fig.  10a,  are  similar  to  those  on  the  rachis 
shown  in  Fig.  9a.  The  evidence,  though  far  from  being  decisive,  would  seem  to  point 


^  Zeiller  (96),  figs.  11,  12,  p.  367  ;  see  also  Zeiller  (02). 
^  Seward  and  Leslie  (08). 

■’  Zeiller  (96),  pi.  xv. 


16 


“  TERRA  NOVA  ”  EXPEDITION. 


to  the  identification  of  this  fragment  as  a  piece  of  Vertehraria,  the  name  given  to  a 
type  of  axial  organ  very  widely  associated  with  hrZo.S'.sop/gr/.s-leaves  which  Zeiller  and 
Oldham  were  the  first  to  recognise  as  the  stem  of  Glossopteris}  We  have  still  Imt 
little  information  as  to  the  nature  of  Vertehraria,  and  it  is  significant  that  in  some 
cases  in  which  Glasropteris-VnYC?,  occur  attached  to  a  stem  the  surface-features  are  not 
those  of  a  typical  VertehraraV 

:  \^ertehraria  Plate  III,  hg.  15. 

The  block  of  carbonised  tissue,  3  cm.  long,  from  a  piece  of  coaly  shale  from 
Puckley  Island,  represented  in  Pig.  15,  may  be  a  fragment  of  a  stouter  Vertehraria,  but 
it  is  too  small  and  imperfect  to  l)e  determined  with  any  degree  of  confidence.  The 
surface  is  slightly  convex,  characterised  by  the  fine  longitiuliual  striation  of  woody 
tissue  and  by  numerous  ti'aiisverse  wrinklings  in  the  form  of  minute  interrupted  ridges. 
The  lower  edge  is  bounded  l)y  a  fairly  sharp  line  which  gives  the  impression  of  a 
natural  groove  or  division  running  through  the  tissue.  The  narrower  piece  shown  at 
the  upper  eiid  of  the  drawing  is  separated  by  an  accidental  fissure  frtnn  the  broader 
portion.  The  evidence  in  support  of  a  reference  to  Vertehraria,  chiefly  derived  from 
the  clean-cut  lower  edge,  is,  however,  very  slight. 

Glossajiteris  iia/ica  Schinp).  var.  Wlsoiii  nov.  Plate  III,  figs.  11—14. 

This  designation  is  suggested  for  several  fragments  of  GIossojtteri.sAeaxes  from 
Puckley  Island  with  the  parallel  venation  of  G.  iialica,  but  characterised  by  the  rarity 
or  almost  complete  al)sence  of  obli(|uo  eoimectioiis  between  the  secondary  veins. 

One  of  the  largest  specimens  is  represented  in  Pigs.  11,  11a.  The  veins,  approxi¬ 
mately  ’5  mm.  apart,  are  occasionally  connected  by  ol)li(|ue  anastomoses,  but  for  the 
most  part  they  pursue  a  separate  and  })arallel  course.  The  preservation  is  far  from 
good.  Ill  the  })aucity  of  connecting  veins  this  and  other  fragments  agree  with  some 
Indian  specimens  of  Glossopteris  iialica  described  liy  Zeiller,^  from  the  Karharbari  beds, 
and  with  the  South  African  form  named  G.  amjastifolia  var.  taeniopteroid es.^  Purther 
reference  is  made  to  the  occurrence  of  Gloasojiteris-ixovrV  with  few  anastomoses  in  the 
section  of  this  paper  dealing  with  New  Zealand.  Although  we  have  no  means  of 
knowing  whether  the  leaves  of  a  single  plant  differed  as  widely  in  their  venation  as 
do  the  specimens  represented  in  Pigs.  9,  11-14,  it  would  seem  worth  while  to  emphasise 
the  departure  from  the  normal  by  the  employment  of  a  distinctive  epithet. 

The  fragment  shown  in  Pigs.  12,  12a  illustrates  a  slightly  further  stage  in  the 
disappearance  of  anastomosing  veins,  and  in  that  reproduced  in  Pigs.  13,  loA  the 
simplification  of  the  venation  is  carried  further.  As  seen  in  the  enlarged  drawing, 

1  Eor  further  iiiforniation  see  Arber  (0.5),  pp.  93  et  seq.  ;  Seward  (10),  pp.  503  et  scq. 

Etlieridge  (94) ;  Seward  loc.  cit,  fig.  339,  p.  504. 

"  Zeiller  (02). 

Seward  and  Leslie  (08),  p.  113  ;  see  also  Seward  (10),  p.  508. 
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Fig.  13a,  some  of  the  secoiuhiiy  veins  are  forked  near  the  midrih,  l)nt  1  liave  not  keen 
al)le  to  detect  any  al)Solntely  certain  case  of  cross-connections.  In  view  of  the  general 
identity  of  this  fragment  with  the  otliers,  I  have  no  liesitation  in  referring  it  to 
Glossopterls  rather  than  to  'J)undojitei‘}s. 

Figs.  14,  14a  represent  a  small  piece  of  lamina  preserved  on  the  calcareous 
sandstone  from  Buckley  Island  ;  the  veins  are  rather  closer  than  in  (dlier  fragments  and 
a  cross-connection  occurs  here  and  thei'e. 

Scale-lea f  of  Glos.sopteri.'^.  Plate  III,  tigs.  17,  17a. 

A  very  imperfectly  preserved  and  ohsenre  impression  on  a  piece  of  calcai'cous 
sandstone,  represented  in  Fig.  17,  shows  feint  and  slender  veins  spreading  from  the 
narrow  hase  of  what  may  he  a  scale-leaf  of  Glo’'^copteri'<.  f>cale-leaves  of  various  sizes 
have  keen  descriked  from  many  localities,  and  their  occurrence  is  to  1)C  expected  where 
the  foliage  leaves  are  preserved. 

Indeteriiiiiuihlefira/ntent:  ?  Scale-leaf  (d'  GloC''ioj>ter/s.  Plate  111,  hgs.  1(5,  KJa. 

This  torn  fragment,  7 "5  mm.  long,  on  calcareous  saiidstcme,  at  hrst  sight  suggested 
a  small  pinnule  of  a  Thlnnfeldui,  Imt  it  is  much  more  prokakle  that  this  resemklance  is 
accidental  and  that  the  specimen  is  a  portion  of  a  small  scale-leaf. 

Antarctieo,v)/lon  Priestlej/i  gen.  et  spec.  nov.  Text-tigure  3  ;  Plates  IV-VIII. 

The  type-specimen  was  found  l)y  Mr.  Priestley  in  a  lioulder,  presmnaldy  derived 
from  the  Upper  Beacon  Sandstone,  c)n  the  Priestley  Glacier ;  it  is  a  portion  of  a  dark 
krown  silicihed  stem  akont  3  inches  in  diameter  and  a  foot  long.  It  was  impossikle, 
owing  to  the  cracked  and  Inittle  condition  of  the  sj^ecimen,  to  extract  it  whole, 
hut  several  klocks  were  oktained  from  which  sections  have  1)een  prepared  after 
treatment  with  some  hardening  solution  to  prevent  splitting  into  smaller  fragments.^ 
The  preservation  is,  unfortunately,  far  from  satisfactory,  especially  in  the  ])itli  and 
peri-mednllary  region.  Tlie  anatonnt'al  features  ahord  some  evidence  of  attinity  with 
the  Cordaitales  and  Araucarineae,  knt  in  view  of  the  preseiu'.e  of  certain  morphological 
characters  which,  so  far  as  I  know,  have  not  keen  previously  recognised  in  any  fossil 
plant,  I  have  instituted  a  new  generic  name. 

There  are  no  tissues  preserved  external  to  the  wood,  and  it  is  impossikle  to 
determine  what  proportion  of  the  whole  thickness  of  the  secondary  xylem  is  represented. 
The  stem  had  suhered  some  decay  kefore  petritiudion,  though  no  traces  of  fungal 
hyphae  have  keen  discovered  :  the  difficulty  of  interpretation  has  keen  greatly  increased 
not  only  ky  the  destruction  of  the  tissues  in  places  that  are  particularly  important  from 
a  diagnostic  point  of  view,  knt  ky  the  displacement  and  tcai'ing  of  the  leaf-traces  and 
other  portions  of  the  stem. 

^  I  am  indebted  to  Di'.  Krantz  of  Bonn  for  the  careful  preparation  at  short  notice  of  some  of  the 
sections  of  this  stem. 
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All  examination  of  the  transverse  sections  shows  that  the  elliptical  form  is  the 
result  of  crushing  :  the  row\s  of  tracheids  composing  the  homogeneous  wood  have  been 
in  places  pressed  into  zigzag  folds,  and  further  evidence  of  compression  is  afforded  by 
tlie  sinuous  course  of  the  leaf-traces,  as  seen  in  Figs.  21—25,  PI.  lY.  The  same  type  of 
folding  is  seen  in  the  much  more  imperfectly  preserved  wmod  from  Buckley  Island 
represented  in  Figs.  4  and  5,  PI.  11.  xAs  Go  than  ^  has  suggested,  this  zigzag  form  of 
folding  may  be  due,  in  part  at  least,  to  the  difference  in  resisting  power  between  the 
spring  and  summer  tracheids.  Rings  of  growth  are  clearly  marked,  as  shown  in 
Figs.  23,  24,  PI.  IV  ;  Imt  owing  to  the  crushed  condition  of  the  tissue  the  contrast 
])etween  the  two  parts  of  each  ring  is  by  no  means  sharply  defined  when  the  sections 
are  seen  under  the  microscope.  There  is,  however,  no  doubt  as  to  the  presence  of 
rings  of  growth  :  these  vary  from  rather  less  than  1  mm.  to  more  than  2  mm.  in 
breadth.  A  portion  of  one  of  the  lu'oader  rings  is  shown  in  Fig.  26,  PI.  V:  in  this 
region,  as  in  most  other  parts  of  the  wood,  the  individual  elements  are  considerably 
flattened  and  distorted,  and  the  contrast  between  medullary  rays  and  tracheids  is  not 
obvious  under  a  low  power.  One  of  the  few  places  w'here  the  tracheids  have  been 
comparatively  little  crushed  is  shown  in  Fig.  28,  PI.  V  :  the  light  radial  bands  mark  the 
position  of  the  medullary  rays.  In  one  section  (section  N)  some  of  the  xylem  elements 
have  thick  walls,  a  feature  due,  at  least  in  part,  to  the  deposition  of  mineral  substance 
a^aiirst  the  orioinal  membrane. 

O  O 

The  centre  of  the  stem  is  occupied  by  a  lighter  elliptical  area,  approximately  7  mm. 
long  l)y  2  mm.  broad,  which  at  first  sight  suggests  a  fairly  large  pith  (Figs.  23,  24, 
PI.  IV.  ;  F  ig.  46,  PI.  VIII).  It  is,  however,  probable  that  the  actual  pith  was  not  more 
than  2-3  mm.  in  diameter.  The  dark  patches  of  tissue  near  the  inner  edge  of  the 
secondary  wood  in  Fig.  24,  PI.  IV,  and  Fig.  46,  IT.  VIII,  consist  of  broken  portions  of  a 
cylinder  (jf  narrow  spiral  and  scalariform  tracheids,  and  internal  to  these  patches  of 
primary  xylem  there  are  broken  and  crushed  portions  of  parenchymatous  tissue 
associated  with  interrupted  dark  1)ands  arranged  in  horizontal  series  and  extending 
across  part  of  the  pith  (Fig.  35,  PI.  VI;  Fig.  41,  PI.  VII).  The  imperfectly  jDreserved 
parenchyma  is  represented  in  some  places  ])y  rather  large  cells  characterised  b}"  their 
irregularly  branched  form  (Fig.  39,  PI.  VII ;  Fig.  45^,  PI.  VIII)  indicating  lacunar  tissue. 
The  dark  patch  S,  close  to'  the  branched  cells  seen  in  Fig.  45'*,  is  part  of  one  of  the 
patches  of  secretory  sacs  in  the  pith.  The  pith  probably  consisted  of  lacunar  tissue 
occupying  regions  partially  separated  from  one  another  l)y  horizontal  rows  of  cells 
containing  secreted  sul)stance.  In  some  places  cell-membranes  can  l)e  seen  close  to  the 
edges  of  the  opa(|ue  substance  of  the  horizontal  l)auds.  It  is  impossible  to  say  whether 
the  pith  wuis  originally  solid  or  discoid  :  the  dark  l)ands  l)ear  a  resemldance  to  those  in 
the  much  larger  discoid  pith  of  j}[esox)/lon}  Owing  to  its  imperfect  preservation  no 
definite  statement  can  be  made  with  regard  to  the  structure  of  the  peri-medullary  zone  : 


^  Gothan  (06). 


"  Masleii  (11) ;  Scott  (12). 
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at  the  edge  of  the  pith  there  was  a  fairly  l)road  zone  of  primary  xylem  elements 
c'haracterised  ])y  spiral  and  sealariform  Ijands  and  by  their  relatively  narrow  diameter. 
Some  of  the  spiral  tracheids  are  seen  in  Figs.  30,  31,  PI.  V.  Tliere  is  a  sliarply  defined 
distinction  between  the  secondary  xylem  as  a  whole  and  the  xylem  which  occnrs  as 
broken  pieces  of  tissue  at  the  peripliery  (jf  the  pith.  The  latter,  which  is  spoken  of  as 
primary  xylem,  is  characterised  l)y  the  narrower  diameter  of  its  tracheids  and  by 
spiral  and  sealariform  pitting  in  place  of  bordered  pits  such  as  occur  on  the  secemdary 
elements.  Differences  in  the  state  of  preservation  of  the  two  tyjies  of  xylem  also 
suggest  that  the  primary  tissue  is  more  delicate  than  the  main  mass  of  secondary  wood. 
It  is  this  inner  xylem  that  constitutes  the  leaf- traces,  as  is  clearly  shown  by  the 
identity  in  structure  of  the  xylem  strands  met  with  in  tlieir  course  through  the  wood 
and  the  primary  xylem  at  the  edge  of  the  pith  [cf.  Figs.  34,  37,  38,  47,  etc.,  and 
Figs.  41,  44).  The  tissue  shown  at  the  periphery  of  the  pith  in  Fig.  49,  PI.  VIII, 
presents  a  superficial  resemblance  to  a  leaf- trace  of  ]\[esoxylon,  l)ut  the  apparently 
centripetal  wood  owes  its  position  to  displacement  of  some  of  the  centrifugal  secondary 
tracheids.  The  small  tracheids  at  px  may  l)e  a  protoxylem  strand.  Fig.  44  represents 
another  portion  of  the  peri-medullary  zone  where  the  rows  of  centrifugal  elements  show 
a  similar  tendency  to  a  convergent  disp(jsiti(jn.  In  this  section  one  might  suppose  the 
protoxylem  to  be  situated  at  a,  but  there  is  no  proof  that  this  is  the  case.  It  is  more 
prol)able  that  tlie  protoxylem  was  on  the  inner  edge  of  the  crushed  tissue  x’.  This 
innermost  xylem,  as  it  appears  in  some  sections,  apparently — though  I  believe  not  in 
reality — internal  to  the  protoxylem,  presents  some  reseml)lance  to  the  radially  disposed 
cells  that  occasionally  constitute  the  sheath  on  the  inner  margin  of  a  leaf-trace  in 
Mesoxylon.  Loinaxil^  ■,  but  in  Mesoxi/lon  the  sheath  consists  of  short  cells  and  not  of 
long  tracheids,  and  it  is  developed  internally  to  the  centripetal  xylem  of  the  trace.  In 
Antarcticox]/lon.  the  centrifugal  nature  of  the  primary  xylem  is  indicated  by  tlie 
occasional  occurrence  at  the  inner  edge  of  the  tissue,  as  seen  in  some  longitudinal 
sections  of  the  pith,  of  tracheids  in  which  the  spiral  l)ands  are  most  widely  separated. 
Although  accurate  description  and  confident  interpretation  are  hardly  possible,  it  is  clear 
that  in  Antarcticoxi/loii  there  was  a  development  of  eomparatively  delicate  tissue  on  the 
inner  border  of  the  xylem  cylinder.  This  tissue  furnished  the  xylem  of  the  leaf-traces  ; 
it  occurs  in  the  peri-medullary  region  in  transverse  and  in  obli(|ue  longitudinal  section, 
though  to  what  extent  this  is  due  to  tearing  and  displacement  cannot  be 
determined.  Such  evidence  as  can  be  obtained  from  the  incomplete  material  seems  to 
favour  the  view  that  the  innermost  xylem  is  centrifugal  in  its  development. 

A  characteristic  feature  of  the  primary  wood  in  the  peri-medullary  region,  as  also 
in  the  leaf-traces  on  their  way  through  the  secondary  xylem,  is  the  presence  of  short 
and  broad  tracheids  with  imperfectly  preserved  reticulate  thickening  bands  in  close 
connection  with  the  innermost  spiral  tracheids  of  the  primary  xylem.  A  few  of  these 


Scott  (12),  j).  1015,  pi.  Ixxxvii,  5. 
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isodiiulietric,  eleiiients  ai-e  seen  in  Fig.  4-’!,  PL  VJI,  and  others  occur  at  f  in  Fig.  34, 
P],  VI,  close  to  the  junction  of  a  leaf-trace  witli  tlie  secondary  wood.  These  short 
t  raclieids,  identical  with  ceiTain  typ(‘s  of  transfusion  elements,  may  represent  centripetal 
xyleni,  and  may  he  c,om})ared  witli  the  much  larger  and  more  ahundautly  developed 
stoi'age  tracheids  in  the  ( 'arlxmiferous  stem  Meijdloxi/loii}  Similar  cells  are  mentioned 
hy  Scott  in  the  sheath  of  Lomd.rii} 

The  secondaiy  xylem  consists  exclusively  of  tracheids  and  narr(jw  medullary  rays: 
there'  are  no  resin-ducts  or  xyleni-parenchyma  cells.  Fxcept  in  a  feAv  places  there 
are  no  signs  of  pits  on  the  xylem  elemeids  ;  hut  the  fact  that  when  the  pits  are 
preserved  they  (x-cur  eitliei'  as  a  single  row  of  contiguous  and  partially  flattened  pits  or, 
occasiomdl}g  as  a  douhle  row  of  alternate  polygonal  pits  (Figs.  33,  3(5,  PI.  VI),  justities 
the  conclusion  that  the  tracheids  had  bordered  pits  of  the  Araucarian  type  on 
their  radial  walls.  No  tracheids  have  heen  found  with  more  than  two  rows  of  j^its,  a 
feature  in  which  the  stem  agrees  more  closely  with  recent  Araucarineae  than  with 
the  Palaeozoic  types.  In  no  case  have  I  Ijeen  able  to  detect  more  than  the  outer 
Ixu'der  of  the  pits.  The  medullary  rays  are  nearly  always  uniseriate  (Fig.  29,  PI.  V), 
hut  in  one  place  (Fig.  32,  PI.  VI)  a  dou1)le  ray  was  mAiced.  The  rays  are  from  one 
to  twenty-four  cells  in  depth  ;  the  walls  are  thin,  a  feature  that  may  l)e  to  some 
extent  due  to  decay,  and  the  vertical  wmlls  tend  t<j  ])e  straight  rather  than  oblique. 

An  interesting  feature  seen  in  the  transverse  sections  is  shown  in  Figs.  21-23,  25, 
PI.  IV,  namely,  the  occurrence  of  light  Ijands  concentric  with  the  rings  of  growth 
(Figs.  18,  22,  23h),  which  Ijecome  broader  near  the  long  axis  of  the  stem,  where  they 
are  slightly  folded  by  compression.  These  bands  gradually  decrease  in  breadth  when 
traced  round  the  circumference,  and  eventually  die  out.  In  the  narrower  portions  the 
light  bands  are  clearly  due  to  the  partial  destruction  of  the  secondary  xyleni,  which  is 
replaced  l)y  mineral  sulistance,  and  in  the  broader  parts  (Fig.  25b,  PI.  IV  ;  Fig.  27,  PI.  V  ; 
I'hg.  48b,  PI.  VI II)  there  are  occasional  rows  of  tracheids  connecting  the  two  sides  of 
the  gap.  But  there  are  indications  that  these  l)ands  are  not  wholl}"  due  to  the  partial 
destruction  of  the  secondary  xylem.  In  some  places  crushed  parenchymatous  cells  occur 
in  association  with  the  disorganised  and  thin-walled  tracheids,  and  narrow  spiral 
tracheids  identical  with  those  of  the  leaf- traces  were  found  in  a  few  of  the  l)road  light 
bands.  The  occasional  occurrence  of  tracheids  l)elonging  to  leaf-traces  is  proliably 
accidental.  The  presence  of  parenchyma  may  point  to  the  formation  of  wound-tissue 
conceivably  as  the  result  of  compression  of  the  stem  before  the  death  of  the  medullary 
cells  from  whiich  the  parenchyma  may  have  been  derived.  There  are,  however,  no 
signs  of  resin  or  secreted  substance  as  one  would  exjiect  in  traumatically  produced 
intra-xylar  tissue,  such  as  Conweutz^  and  other  authors^  have  descrilied.  CVmiparison 
may  also  be  made  wdth  Nordlinger’s  medullary  spots  formed  by  local  hypertrophy  of 
the  medullary  rays  of  some  dicotyledons  and  conifers,  which  results  in  the  development 


'  Seward  (99). 


"  Scott  (12). 


Conwentz  (90),  pi.  VI. 


■*  e.ij.  Jeffrey  (06). 
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of  elongtited  areas  of  pareuchynia,  not  infre(|uently  in  tlie  middle  of  an  animal  ring,  and 
sometimes  extending  tlirougli  ‘)0°  or  more.^  As  seen  in  Figs.  18,  21,  28,  25,  PI.  IV, 
leaf-traces  occasionally  cross  these  hroad  concentric  hands,  and  at  the  point  of  inter¬ 
section  portions  of  the  outgoing  leaf- trace  might  easily  he  displaced  on  the  decay  of  the 
softer  tissue  and  so  introduced  into  one  of  the  spaces  formed  in  the  secondary  wood. 
Fig.  18  shows  part  of  the  horizontal  face  of  a  piece  of  stem  on  which  two  leaf-traces,  nu, 
intersect  a  light  hand,  hh.  Fig.  18a  shows  the  same  piece  in  side-view;  the  two  traces 
are  seen  as  narrowed  tapered  gaps  in  the  wood  filled  with  mineral  matter,  while  helow 
these  are  two  larger  lenticular  areas  of  the  same  type,  each  of  which  decreases  gradually 
in  breadth  above  and  below  the  widest  part.  In  the  })hotograph  of  the  complete 
specimen  shown  in  Vext-hg.  3  several  lenticular  light  areas  are  clearly  shown,  and  their 
disposition  is  spiral.  (In  the  side  (.)f  the  piece  of  stem,  drawn  natural  size,  in  Fig.  11) 
there  are  two  hroad  strips  like  those  in  Fig.  18a,  and  these  correspond  to  the  two  leaf- 
trace  regions  seen  at  (t,  a  in  Fig.  23.  The  leaf-traces  appear  in  the  transverse  sections, 
reproduced  in  Figs.  22  and  23,  as  light  radial  bauds,  some  of  which  pursue  a  sinuous 
course  in  consequeuce  of  the  pressure  to  which  the  stem  was  exposed.  The  two  pairs 
of  traces  seen  at  /'  Fig.  22  produce  the  impression  of  strands  of  xylem  given  off  at  the 
same  level,  Imt  they  are  in  reality  memljers  of  a  spiral  series,  as  is  clearly  shown  in 
Text-fig.  3  and  in  Fig.  18a.  As  each  leaf- trace  in  its  outward  course  through  the 
secondary  wood  occupies  a  vertical  area  (jf  considerable  extent,  the  same  trace 
would  be  cut  through  in  several  transverse  sections.  The  enlarged  p(jrtion  of  Fig.  23, 
reproduced  in  Fig.  24,  shows  three  leaf-traces  on  one  side  of  the  pith  and  two  on  the 
other.  In  Fig.  25  a  trace  is  cut  through  in  an  obliquely  vertical  direction.  In  the 
inner  part  of  its  course  at  /  it  has  almost  disappeared  frcmi  view,  becoming  more 
apparent  as  it  ascends  towards  o,  where  it  intersects  a  broad  light  baud  />,  h.  It  is  clear 
that  the  great  breadth  of  the  lenticular  areas  seen  in  Figs.  18  and  19  and  in  Text- 
fig.  3  is. due  to  decay.  In  the  more  external  part  of  their  course,  where  the  position  of 
the  leaf- traces  is  marked  by  the  broad  areas,  these  are  largely  occupied  by  ijifiltrated 
mineral  matter  in  which  are  embedded  fragments  of  xylem  strands  and  some 
parenchyma.  Fig.  20,  PI.  IV,  shows,  natural  size,  a  longitudinal  section  of  the 
secondary  wood  and  pith  (p) ;  the  large  clear  spaces  are  occupied  by  a  siliceous  matrix 
containing  parenchyma  and  curved  strands  of  xylem  ;  at  d  and  c  the  narrow  spiral 
elements  are  in  organic  connection  witli  the  secondary  wood  at  the  lower  and  uppei' 
ends,  respectively,  of  the  gaps.  The  section  is  faulted  along  the  line  e.  Fig.  34,  PI.  VI, 
shows  the  connecticm  of  the  trace  at  e  in  Fig.  20  with  the  secondary  xylem,  and  in  Fig.  37, 
PI.  VI,  and  Fig.  40,  PI.  VII,  are  shown  the  twisted  and  forked  traces  in  the  broad  spaces 
in  the  secondary  wood  in  another  section  (F.).  The  darker  edges  of  the  section  are 
occupied  by  secondary  xylem,  and  in  the  centre  is  a  broad  leaf- trace  with  the  marginal 


^  de  Bary  (84),  p.  492.  I  am  indel)tcd  to  Mr.  R.  C.  McLean  L>r  calling  my  attention  to  tins 
reference. 
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tracheids  on  the  left-hand  side  l)ent  into  loops  and  folds  enclosing  small  groups  of 
parenchyma.  In  the  lower  part  of  the  section  at  t  are  several  short  isodiametric 
tracheids  ;  the  lighter  portions  between  the  trace  and  the  secondary  xylem  are  occupied 
by  the  remains  of  parenchyma.  The  strand  shown  in  Fig.  38,  PI.  VII,  partly  in 
transverse  and  partly  in  obh(|ue  vertical  section,  is  situated  at  V  in  Fig.  21,  PI.  IV; 
the  whole  trace  has  a  triangular  form,  and  at  the  apex  the  tracheids  appear  to  lose 
their  radial  arrangement,  though  this  may  be  the  result  of  distortion  :  the  spiral  and 
scalariform  pitting  is  seen  on  the  tracheids  curving  downwards  on  the  left-hand  side. 
Figs.  37  and  40,  Pis.  VI  and  VII,  illustrate  the  curved  and  occasionally  branched 
form  of  the  traces  in  their  oljliquely  ascending  course,  and  these  sections  also  show 
that  there  must  have  ])een  a  considerable  amount  of  parenchyma  accompanying  the 
xylem  strands  in  their  course  through  the  secondary  wood  (Fig.  37,  'pr.).  The 
apparently  double  trace  seen  in  Fig.  40,  PI.  VII,  is  probaljly  a  single  leaf-trace  that 
has  Ijecome  stretched,  as  the  result  of  the  increasing  diameter  of  the  stem,  and  divided 
into  separate  strands  which  tend  to  form  an  irregular  reticulum  joined  here  and  there 
to  the  neio;hl)OurinQ;  secondarv  xylem.  The  strand  seen  in  Fio-.  41  occurs  in  the  pith 
in  association  with  some  of  the  dark  horizontal  ]:)ands,  and  on  the  left  side  some  of 
its  tracheids  have  formed  an  irregular  reticulum.  The  torn  and  imperfectly  preserved 
trace  shown  in  Fig.  42  lies  at /  in  the  gap  seen  in  Fig.  23. 

Althouo’h  the  structure  of  the  leaf-traces  cannot  be  definite! v  determined,  it  would 
seem  that  each  trace  passed  into  the  peri-medullary  zone  as  a  single  strand  of  relatively 
large  size  composed  of  spiral  and  scalariform  tracheids  narrower  than  the  secondarv 
xylem  elements.  The  traces  during  their  outward  course  were  enclosed  by  some 
parenchymatous  tissue  continuous  with  that  in  the  pith,  and  the  inner  spiral  tracheids  of 
the  trace  were  connected  with  some  isodiametric  reticulate  elements  (Fig.  43,  PL  VII). 
The  outgoing  strands  of  xylem  are,  I  l)elieve,  all  leaf-traces  and  not  branches ;  the 
fact  that  they  consist  wholly  of  spiral  and  scalariform  tracheids,  and  do  not  include 
elements  with  l:)ordered  pits,  is  in  favour  of  this  interpretation  ;  moreover,  if  they  were 
branches,  one  would  expect  to  find  associated  with  them  some  of  the  dark  secretory 
sacs  from  the  pith.  The  dimensions  of  the  leaf-traces  point  to  leaves  of  a  fairly  large 
size,  l)ut  we  have  no  otlier  evidence  as  to  the  form  of  the  appendages  1)orne1)y  the  stem. 

In  the  structure  (jf  the  secondary  wood  Aiitarcticoxi/loii  agrees  on  the  whole  with 
an  Araucarian  stem  :  the  I)road  zone  of  xylem,  composed  of  spiral  and  scalariform 
tracheids  at  the  edge  (jf  the  pith,  is  a  feature  coinimm  to  Mesox//lon  and  Conlaites, 
and  shared  l)y  Araitcnricf.  There  is  no  evidence  in  Antarcticoxi/Ion  of  the  occurrence 
of  double  leaf-traces  such  as  characterise  certain  Cordaitalean  genera  and  some  existino- 
meml)ers  of  the  Araucarineae.  The  features,  so  far  as  it  has  been  possible  to  interq^ret 
them,  lead  me  to  the  conclusion  that  in  Anfarcticoxf/loii  we  have  a  distinct  tvpe  of 
(Tymnospermous  stem ;  despite  the  imperfect  state  of  preservation  the  evidence 
furnished  by  the  series  of  photographs  and  l)y  such  description  as  I  have  been  able 
to  give,  shows  that  jMr.  Priestley’s  discovery  is  one  of  considerable  1)otanical  interest. 
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Pitj/osporites  anfarctlcus  gen.  et  spec.  nov.  Plate  VIII,  fig.  45. 

In  the  course  of  my  examination  of  the  sections  of  Anfarctlcox//l()ii.  I  found  two 
small  bodies,  the  best  of  which  is  reproduced  in  Fig.  45,  lying  in  the  siliceous  matrix 
filling  spaces  in  the  partially  decayed  stem.  The  resemblance  of  the  one  shown  in  the 
figure  to  a  winged  microspore  of  P'nius  and  other  Alhetineae  is  too  close  to  be 
explained  by  any  accidental  similarity  of  a  crushed  parenchymatous  cell :  the  figured 
spore,  '08  mm.  long,  was  found  at  s,  close  to  one  end  of  the  pith  represented  in  Fig.  46, 
just  l)eyoud  the  left-hand  edge  of  the  photograph.  The  central  part  of  the  spore  is 
bounded  l)y  a  comparatively  thick  wall,  and  on  each  side  a  portion  of  the  nieml)rane  is 
expanded  into  a  Idadder  characterised  by  a  fine  surface-reticulum  as  in  recent 
pollen-grains.  A  pollen-grain  of  Pinus  silvestris  has  a  length  of  0’075  mm.,  while  the 
spores  of  xihles  alha  are  0'130  mm.  in  length  ;  ^  some  very  similar  spores  from  Jurassic 
rocks  in  Franz  Josef  Land  which  I  measnred  have  a  length  of  0’09  mm.  The  Franz 

O 

Josef  Land  spores  were  first  recorded  by  Graf  zn  Solms-Laubach.^  Nathonst®  has 
described  some  wdnged  spores  from  the  Lower  Jurassic  beds  of  Hor,  in  Scania,  that 
have  a  length  of  OJ 0-0 ’108  mm.  It  is  very  unlikely  that  the  spores  have  any  con¬ 
nection  with  the  stem  with  which  they  are  associated,  but  their  presence  is  of 
consideral;)le  interest  as  aftbrding  some  evidence  of  the  existence  of  an  Abietineous 
Conifer.  Although  the  possession  of  bladder-like  extensions  of  the  exine  is  not  a 
feature  confined  to  the  Abietineae,  the  Antarctic  spore  bears  a  much  closer  resemblance 
to  those  of  Pinus,  Ai)ies  and  other  allied  genera  than  it  does  to  the  winged  pollen-grains 
of  Conifers  belonging  to  the  Podocarpineae  :  the  j^roljability  is  that  it  l)elonged  to 
some  Abietineous  species,  though  this  cannot  l)e  definitely  asserted. 

The  generic  designation  Pityosporites  is  proposed  for  winged  spores  agreeing  in 
form  and  size  w  ith  those  of  recent  Abietineous  genera. 

The  occurrence  of  this  type  of  spore  in  a  stem  from  a  boulder  on  the  Priestley 
Glacier  suggests  two  important  considerations  :  the  probal  ality  that  the  upper  part  of 
the  Beacon  Sandstone  from  which  the  boulder  is  believed  to  have  been  derived  is  not 
older  than  Lower  Mesozoic,  e.g.  Ehaetic,  and  the  possibility  that  an  Abietineons 
genus  w'as  evolved  on  the  Antarctic  continent.  Mbnged  seeds  similar  to  those  of 
some  Eecent  Abietineae  have  been  descriljed  by  Nathorst  from  the  Ehaetic  series  of 
Scania,  Imt  1  am  not  aware  of  any  records  of  spores  of  the  Pityosporltes-tyj)e  from 
rocks  older  than  the  Lower  Jurassic.  It  has  often  l)een  assumed  that  the  Abietineae, 
the  dominant  family  of  Conifers  in  the  northern  hemisphere,  were  evolved  on  a 
northern  continent ;  l)ut  the  discovery  of  the  spore  shown  in  Fig.  45  serves  as  a  warming 
against  conclusions  based  to  a  large  extent  upon  the  facts  of  present-day  geographical 
distribution,  and  upon  data  derived  from  a  study  of  fossil  floras  most  of  wFich  are 
from  countries  north  of  the  equator. 


^  Kirchner,  Loew,  and  Schroter  (06),  pp.  97,  199. 

*  Nathorst  (08),  pi.  II,  figs.  53-55. 


-  Solms-Lauhach  (04),  p.  11. 
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As  1  liave  already  admitted,  the  presence  of  these  two  spores  does  not  prove  the 
|)resence  on  the  Antarctic  continent  of  an  A])ietine(jus  Conifer,  though  it  affords  an 
argument  in  support  of  the  opinion  that  a  memljer  of  the  Ahietiueae  was  a 
contemporary  of  Aiiturcficoxi/loii,  possildy  in  Lower  ^lesozoic  days,  in  Antarctica.  On 
ge(jgraj)hical  grfumds  it  would  seem  more  prohahle  that  the  spores  belonged  to  some 
plant  allied  to  Po(l<ii‘<irpus,  J Jacrpdinin  or  }[i(tr()mchrp.'<d  genera  possessing  winged 
pollen  and  at  the  present  day  characteristic  (jf  the  southern  hemisphere. 


IV.  THE  ANTARCTIC  PLANTS  AS  EVIDENCE  OF  GEOLOGICAL  AGE. 
I.  -THE  PLANTS  FEOIM  THE  PIHESTLEY  HLACIER. 


The  boulders  in  which  the  specimens  were  found  are  believed  to  have  come  frcjin 
the  upper  portion  of  the  Peacajn  Sandstone  series.  The  carbonised  impressions  are 
valueless  as  tests  of  age.  The  stem  described  as  Autarcthuixjilon  Priesflci/l  agrees  in 
S(nne  res])ects  with  recent  Araucarineae  as  with  some  genera  of  Cordaitales  from  L  pper 
Palaeozoi(i  strata :  it  does  not  afford  any  very  satisfactory  evidence  of  geological 
horizon,  ljut  its  presence  is  consistent  with  either  an  Upper  Palaeozoic  or  Lower 
l\lesoz(jic  position.  The  p(jllen-grains  [Pltyosporifes  (iiifarcticu-s)  found  in  some  decayed 
portions  of  the  i ref /coxy loii-Btem  point  rather  to  a  IMesozoic  than  to  a  Palaeozoic 

horizon.  Assuming  that  the  spores  belonged  to  some  member  of  the  Abietineae,  a 
family  that  has  not  been  proved  to  occur  in  any  Palaeozoic  flora,  it  is  probable  that 
the  upper  part  of  the  Beacoii  Sandstone  is  not  older  than  the  Rhaetic,  or  even  the 
Liassic  peiiod.  A  similar  conclusion  applies  with  even  greater  force  if  we  regard  the 
spore  as  evidence  of  the  existence  of  a  Conifer  belonging  to  the  Podocarpineae,  a 
family  of  w'hich  we  have  very  meagre  and  unsatisfactory  geological  records.  It  is, 
however,  possible  that  the  spore  reproduced  in  Fig.  45  belonged  to  some  Palaeozoic 
plant  whiicli  was  not  necessarily  a  member  of  the  Abietineae. 

So  far  as  P/tyosporites  is  concerned  there  is  obviously  no  reason  why  the  rock 
should  not  be  of  any  age,  from,  say,  the  latter  part  of  the  Trias  uj^wards.  There 
is,  moreover,  not  sutficient  reason  for  asserting  that  A/if(i/'cticoxyI(//i  could  not  have 
come  from  beds  higher  than  the  Jurassic.. 

•4. -THE  BUCKLEY  IS  [.AND  PI.  ANTS. 

Although  Glossopfe/'/s  has  been  stated  to  occur  in  (hieensland  in  beds  assigned  to 
the  Cretaceous  system,^  the  evidence  available  from  all  sources  justifies-  the  statement 
that  the  genus  ranges  from  the  Upper  Ca.rl)oniferous  or  Lower  Permian  rocks  to  the 
Rhaeric  period.  It  is,  however,  not  improbable  that  ( ilossopfcois  ap})eared  on  the 
.Viitiuvtic  continent  earlier  than  in  other  parts  of  the  southern  province.  The  species 


'  Fur  ligures  of  Podoearpineous  pollen,  see  .Jeftrey  and  Cliry.sler  (07)  ;  Young  (0  / ) ;  anil  Thomson  (00). 
-  For  references,  see  Arher  (05),  p.  h’iii. 
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Glossopteris  ludica  luus  a  wide  geograpliical  and  geological  ra-iige,  its  highest  hoi'izoii 
heiiig  represented  hy  the  Rhaetic  heds  of  Tonkin,  and  its  northerly  limit  of  distrihntion 
hy  the  Permian  strata  in  the  valley  of  the  Dwina  river.  It  is  clear  tliat  the  occurrence 
of  this  type  in  Antarctica  does  not  alford  any  c.onclnsive  evidence  of  precise  geologTad 
horizon,  hut  the  fact  that  tf/os-sn^^Ar/.s-leaves  are  ahnudant  in  the  Buckley  Island  heds, 
and  that  they  are  not  associated  with  impressions  of  other  plants,  renders  it.  prohahle 
that  the  Ehaetici  period  may  l:)e  excluded  from  the  choice  of  possibilities.  The 
prohahility  is  that  the  heds  are  Permo-Carhoniferc^ns  in  age  ;  whether  occupying  a 
higher  or  lower  horizon  in  the  series  cannot  he  dehnitely  asserted.  Even  granting  that 
Glossoiiteris  is  in  origin  an  Antarctic  genus,  and  that  it  lived  on  the  Polar  continent 
before  it  spread  to  other  lands,  there  is  no  reason  to  assume  that  it  did  not  persist  in 
the  country  of  its  Ijirth  to  later  geological  periods. 

V.  GENERAL  CONSIDERATIONS  SUGGESTED  BY  THE  OCCURRENCE 

OF  GLOSSOPTERIS  IN  ANTARCTICA. 

1.— THE  WIDE  DISTRIBUTION  AND  COMPARATIVE  UNlEORMTTy  OP 
LOWER  CARBONIFEROUS  AND  DEVONIAN  FLORAS. 

Onr  knowledge  of  Dev(mian  floras  is  still  very  meagre,  hut  so  far  as  can  he 
ascertained  from  available  data  there  was  a  close  resemblance  between  Upper  Devonian 
and  Lower  Ckirhoniferons  vegetation,  and  such  records  as  there  are  afford  no  indication 
of  any  regional  ditierentiatiou.  From  S})itzhergen  (Map  B,  4)  a  few  L)evonian  }>lants 
are  recorded,  and  a  larger  nnmher  of  Lower  Carboniferous  species.^  Similar  Devonia.n 
types  have  been  found  in  Bear  Island  and  Ellesmere  Laud^  (Map  B,  2):  remains  of 
Devonian  plants  have  recently  been  described  by  Nathorst  from  Norway,®  and  Lower 
Carboniferous  species  are  known  from  North-East  Greenlan(U  (iMap  B,  3).  This  older 
Carboniferous  and  Devonian  vegetation  extended  over  a  large  part  of  Europe,  its 
western  limit  l)eing  represented  by  the  plant-beds  of  the  Kiltorkan  grits  in  Ireland, 
which  contain  species  identical  with  those  from  the  Arctic  regions.  Evidence  of  the 
existence  of  the  same  type  of  vegetation  is  afforded  l)y  collections  from  Ninth  and 
South  America,  from  South  Africa,  Australia,  and  elsewhere:®  from  (»ne  end  of  tlie 
world  to  the  other  we  have  proof  of  a  uniform  type  of  flora  characterised  by 
representatives  of  L(^j>i(l(Klen<l  ron,  JyofJwodeiKl  ron,  Ai'cluico/uildDiites^  Illuiraptcr'is^ 
ATcluuH)\)tevh,  and  other  genera. 

It  was  in  the  latter  part  of  the  Carboniferous  era  that  forces  came  into  action  whicli 
led  to  a  differentiation  of  the  world’s  vegetation  into  two  botanical  })rovinces.  In  the 
northern  hemisphere,  using  the  term  in  a  wide  sense  without  regard  to  exceptions,  tlie 

’  Nathorst  (94) ;  (10).  “  Nathorst  (02)  ;  (04-).  Nathorst  (12).  ^  Nathor.st  ( I  1). 

“  For  descriptions  of  Lower  Carhoniferous  and  Devonian  plants  from  tlu^  southern  hemisphei'e,  see 
Feistmantel  (90) ;  Szajnocha  (91)  ;  Jack  and  Etheridge  (92)  ;  Kurtz  (94) ;  Seward  (02),  and  other  autlu.u’s. 
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;ippear;ui('.e  of  many  uew  forms  added  rielmess  to  the  flora  that  has  left  abundant 
remains  in  tlie  coal-fields  of  Europe  and  North  America,  a  flora  that  extended  into 
North  Africa  and  to  s<mth-east  China,  (freenlaud  may  l^e  a  remnant  of  part  of  the 
continent  (Atlantis)  which  was  the  home  of  this  northern  flora.  The  southern  flora  is 
])reserved  in  the  Pernio-C^arboniferous  ])eds  of  India,  South  Africa,  Australia  and 
Tasmania,  and  South  America. 


2.— THE  NORTHERN  BOTANICAL  BROVINCE ;  UPPER  CARBONIFEROUS 
VEGETATION  AND  CLIMATIC  CONDITIONS. 

In  tlie  northern  hemisphere  a  marine  transgression  on  an  extensive  scale  followed 
the  Devonian  period,  and  of  this  the  most  striking  evidence  is  afforded  ])y  the 
Caiboniferous  Limestone  that  extends  from  the  western  edge  of  Europe  ])eyond  the 
Ural  Mountains  into  Asia  and  the  Ear  East;  to  Spitzbergeu  and  the  Arctic  regions  and 
(jver  a  wide  area  in  Ncnth  America  ;  “  as  Greenland  on  the  one  hand,  so  the  Indian 
peninsula  on  the  other,  projects  into  the  ocean  which  covers  the  subsided  table-lands.”^ 
The  deposition  of  clastic  material  marked  a  later  phase  of  the  Carboniferous  era,  and, 
later  still,  the  intercalation  of  freshwater  sediments  and  seams  of  coal  points  to  a  period 
of  long  duration  characterised  by  broad  land-masses  or  island-studded  lagoons  and 
marshy  swamps  supporting  a  vegetation  rich  in  species  and  remarkably  uniform  in  its 
general  features  over  a  large  part  of  the  earth’s  surface.  This  Upper  Carboniferous 
flora  persisted  with  little  change  into  the  succeeding  Permian  period. 

The  Permo-Carl)(3niferous  vegetation,  as  shown  in  the  sketch-map  B,  ranged  over 
a  considerable  area  in  North  America  and  in  the  (Jld  "World.  It  is  hardly  necessary 
to  point  out  that  the  boundaries  of  the  regions  occupied  by  the  plant-bearing  strata, 
the  majority  of  which  belong  to  the  latter  part  of  the  Carboniferous  period,  are  drawn 
on  a  liberal  scale.  The  map  is  intended  to  convey  a  general  idea  of  the  main  phyto- 
geographical  features  in  a  broad  sense,  as  it  is  with  general  considerations  and  not 
with  details  that  we  are  at  present  concerned.  The  similarity  l)etween  the  plants  from 
North  America  and  Europe  points  to  a  similarity  of  conditions,  as  is  also  shown  by  an 
agreement  in  lithological  features.  There  is  evidence  that  the  Carboniferous  plants 
penetrated  to  Banks  Land  and  other  localities  within  the  Arctic  circle  (iMap  B,  1,  2)1 
In  Nova  Zembla  (Map  B,  5)  plants  have  been  found  in  association  with  Pnxlucfus  and 
Sjii/‘ifer.  From  the  vast  coal-fields  of  China  many  European  species  have  been 
described  by  Schenk  ^  and  other  writers  :  Zeiller'^  has  more  recently  descri])ed  species 
of  Le.jtidodend ran  and  other  C^arboniferous  types  from  the  province  of  Chansi,  and 
Zalessky"’  records  Carboniferous  species  from  hlanchuria,  including  Ijepidodendron, 
Sj)hen()jdii/Uu)ii,  ( \ird<iit(‘s,  and  other  genera. 


^  Sues.s  (OG),  p.  2.52  ;  (08),  p.  1!).  “  Heer  (G8)  ;  Nathorst  (10'-). 

Schenk  (82) ;  Krasser  (00),  elr.  Zeiller  (01) ;  see  also  Abbado  (00). 

Zalessky  (05). 
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respectively  the  j^fsition  of  Graham  Land  and  Kerguelen  Island. 
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Carijoiliferous  plants  and  niaiiiie  shells  have  heeii  touiid  at  several  localities  iu 
North  Africa  from  ^Morocco  to  the  Sinai  peninsula  (iMap  B,  7,  8).  The  presence  of 
many  European  species,  as  stated  hy  Prof.  Zeiller,^  points  to  the  existence  of  a  typical 
Westphalian  flora  on  the  southern  shores  of  the  Thetys  Sea.  A  few  specimens  recently 
collected  hy  Mr.  John  Ball,  of  the  Egyptian  Survey,  demonstrate  the  occurrence  in  the 
Sinai  peninsula  of  species  of  Lrj^idodeihhvn  agreeing  closely  with  L.  Velfheinii  Sternh. 
and  />.  Rli(Hle(iniuii  Sternh.^ 

In  1883  Prof.  Zeiller^  rec(n'ded  eleven  species  of  plants  from  the  neighbourhood  of 
Tete,  iu  the  Zand)esi  district  (Map  B,  9),  identical  with  Stephanian  species  from  the 
('oal  jMeasures  of  Britain  and  the  coal-1  )asins  of  the  Loire  and  other  Continental  areas. 
In  discussing  the  Ijearing  of  the  discovery  Zeiller  quoted  some  Carboniferous  European 
species  recorded  by  Clrey  fr(mi  Cajie  Colony,  but  these  are  now  generally  admitted  to 
have  come  from  the  Coal  Measures  of  Euiajpe.  The  occurrence  of  members  of  the 
northern  Upper  Carboniferous  bora  unaccompanied  by  any  representatives  of  the 
tHossopteris  bora  has  Ijecome  increasingly  difficult  of  interpretation,  as  the  area 
occupied  by  the  southern  or  Glossojtteris  bora  has  been  extended  by  recent  discoveries 
in  Cernian  and  Portuguese  East  Africa.  The  occurrence  of  northern  species  at  Tete 
is  in  itself  readily  intelligilde  in  view  of  the  admixture  of  Glossojiteris  and  European 
types  in  the  Transvaal,  but  the  collection  received  by  Prof.  Zeiller  from  ]M.  Lapierre 
tib'ords  no  evidence  of  such  admixture.  Dr.  Uothan,^  iu  a  recent  article,  states  that 
he  tbimd  in  a  drawer  in  the  Berlin  “  IMuseum  fiir  Naturkuude  ”  several  fossil  plants 
from  Tete  collected  by  Dr.  Wiese,  among  which  he  recognised  several  forms  of 
Glo.ssopte/'i’'<,  e.(j.  G.  indica  Scliimp.  and  a  type  of  frond  very  similar  to  G.  retifem 
Feist.  It  would  seem,  therefore,  that  the  Permo-Carboniferous  vegetation  in  the 
Zambesi  region  was  of  the  southern  facies.  Prof.  Zeiller,  in  answer  to  an  inquiry  from 
Dr.  Uothan,  states  that  two  engineers  who  were  with  the  late  IM.  Lapierre  in  Africa 
remeinber  liaving  seen  the  specimens  collected  and  packed,  and  more  recently  in  a 
letter  to  myself  Prof.  Zeiller  expresses  his  opinion  that  there  is  no  proof  that  the  Tete 
fossils  described  by  him  in  1883,  from.  hit.  16°  9'  were  from  the  beds  examined  by 
Dr.  Wiese  in  hit.  15^°  S.,  long.  34°  W.  The  alternative  conclusions  would  seem  to  be 
tliat  in  the  Zaml)esi  district  the  northern  and  Condwanaland  boras  coexisted,  or  that, 
as  Dr.  Cotlian  believes,  there  was  some  confusion  lietween  Tete  specimens  and  fossils 
from  a  European  coal-beld.  Without  further  evidence  one  is  not  justibed  in  assuming 
the  latter  alternative  to  be  co]‘rect,  though  it  is  exceedingly  difficult  to  adopt  the 
former  conclusion  in  the  face  of  discoveries  made  since  the  publication  of  Zeiller’s 
pa|)er. 

The  climate  of  the  Coal  age  is  often  descrilied  as  tr(q^ical,  and  this  statement  has 


J  Zeiller  (08). 

-  These  jilaiits  at  })resent  in  my  possession  liave 
s})ecies  named  was  siigi^esti'd  hy  Dr.  Kidston. 

■'  Zeiller  (82). 


not  yet  been  descrihed ;  their  comparison  with  the 
■'  Gothan  (12). 


ANTARCTIC  FOSSTT.  PLANTS. 


29 


found  favour  out  of  pr(jportiou  to  tlic  soundness  of  tlie  cvideiu'c  on  wliicJi  it  rests. 
It  is,  however,  far  from  improl)al)le  tliat  tlie  physical  conditions  were  such  as  t(j  favoiu- 
rapid  growth;  the  al)seiice  of  well-dehued  rings  of  gr(jwth  in  w'oody  stems  is,  speaking 
generally,  a  striking  characteristic  of  Lephlodendron,  SujUlaria,  Corditites,  and  other 
arl)orescent  plants,  which  points  to  the  a])sence  of  seasonal  changes.  Arguments 
can  l)e  adduced  from  anatomical  data  supporting  the  view  that  several  of  the  commoner 
plants  grew  in  swampy  soil  or  even  with  the  bases  of  their  stems  sulimerged  and  in 
habitats  to  some  extent  pliysiologically  dry,  possibly  in  salt  marshes  or  in  peaty  ground. 
A  comparison  l)etweeii  the  forests  of  the  Coal  period  and  Recent  peat  moors  has  been 
made  the  foundation  of  a  view  that  it  was  rather  in  a  temperate  than  a  tropical 
climate  that  the  enormous  mass  of  vegetal  )le  deRris  a(;cuniuhited  from  which  the  coal 
seams  were  produced.  In  tins  connection  it  is  pertinent  to  call  attention  to  a  receidly 
described  example  of  a  tropical  peat  moor  in  Sumatra,^  where  some  of  the  plaids 
exhibit  morphological  features  recalling  those  of  ceidain  Carboniferous  genera.  The 
accumulation  of  humus  in  the  tropics  may  be  considerable,  and  swamp-moors  are  by 
no  means  rare  in  the  warmer  regions  of  the  world.  The  outstanding  fact  more 
particularly  germane  to  our  present  thesis  is  the  absence  of  any  satisfactory  evidence 
of  the  occurrence  of  elacial  conditions  on  a  laro-e  scale  in  the  home  of  the  northern 

O  O 

hora.” 

3. -THE  SOUTHERN  PROVINCE:  THE  GLOSSOPTEU  IS  FLORA  AND 

CLIMATIC  CONDITIONS. 

It  has  been  urged  by  Dr.  White,®  in  an  interesting  discussion  of  Permo- 
Carboniferous  changes,  that  the  term  Gaihiainojiferis  flora  is  more  appropriate  than 
that  of  Glossopteris  flora,  on  the  ground  that  G(ntifaiiu>pfe/‘/,s  does  not  transgress 
the  limits  of  the  Palaeozoic  system,  while  Glossopteris  persisted  into  the  Mesozoic 
period.  In  view  of  the  general  use  of  Glosnopteris  as  the  name-plant  of  the  southern 
flora,  and  as  that  genus  undoubtedly  reached  its  maximum  development  in  the  latter 
part  of  the  Palaeozoic  era,  the  reasons  in  support  of  the  proposed  change  are  hardly 
strong  enough  to  outweigh  established  usage. 

Briefly  stated,  the  most  striking  characteristics  of  the  southern  flora  are 
(i.)  its  association  with  deposits  that  bear  unmistakalile  signs  of  the  presence  of 
glaciers  or  ice-sheets,  and,  in  some  cases,  of  the  presence  of  floating  ice;  (ii.)  the 
small  numljer  of  species  compared  with  the  wealth  of  material  obtained  fr(jm  the 
Permo-Carboniferous  strata  of  the  northern  hemisphere  ;  (iii.)  the  dominant  part 


'  Potonie  (09). 

-  For  discussions  on  the  question  of  climate  and  references  to  literature,  see  Freeh  (97) ;  Seward  (Of)  ; 
Chamberlin  and  Salisbury  (06) ;  Koken  (07)  ;  Eckardt  (09)  ;  Carthaus  (10)  ;  Hang  (11). 

White,  D.  (07). 
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played  ])y  Glossopteris  and  GamjamopUrG,  genera  unknown  in  the  typical  northern 
flora.  ^ 

The  approximate  distribution  of  the  true  Glossopteris  flora  is  showm  by  the 
areas  shaded  with  parallel  lines  on  Map  B. 

a.  India,  Afghanistan,  and  Persia. 

In  the  Indian  peninsula,  the  Talchir  l)oulder  beds,  which  are  distributed  over 
a  wide  area  including  places  wdiere  the  snow-line  reaches  its  maximum  height, 
rest  unconformal  )ly  on  older  rocks,  and  are  succeeded  by  a  series  of  sandstones  and 
shales  containing  Glossopteris,  GiOKjaoiopteris,  Cordaites  (formerly  assigned  to  the 
genus  Noepperatliiojisis),  PhyllotJieca,  Scltizoneura,  and  other  genera.  In  1875, 
Fedden  ^  discovered  the  grooved  and  polished  surface  of  an  old  Pre-Cambrian  land- 
surface  in  the  valley  of  the  Pengauga  river,  on  which  the  Talchirs  had  been  deposited. 
It  is  notew'orthy  that  in  India  there  are  no  plant-beds  of  Lower  Carboniferous  or 
Devonian  age  containing  relics  of  a  Vvq- Glossopteris  vegetation,  such  as  existed  in 
Australia  and  elsewPere  in  the  southern  hemisphere.  Another  fact  of  importance 
is  the  absence  from  the  Indian  flora  of  Lepidodendron  and  Sipillaria,  members  of 
a  class  represented  in  South  Africa  and  South  America  l)y  forms  probably  identical 
with  northern  species.  A  recent  examination  of  some  specimens  descrilied  by 
Feistmantel  as  Coniferous  sterns^  leads  me  to  think  that  they  may  be  fragments 
of  a  Both  rod endron ;  luit  the  material  is  too  imperfect  to  prove  the  existence  of  the 
Lycopodiales  in  Lower  Crondwana  rocks.  Evidence  as  to  the  precise  geological  age, 
in  terms  (h‘  European  chronology,  of  the  plant-bearing  strata  is  meagre,  and  it 
has  been  customary  to  designate  the  Talchirs  and  overlying  beds  Permo-Carboniferous. 
In  the  Salt  range  (lat.  32°  54'  N.,  long.  71°)  the  Talchirs  are  overlain  by  rocks 
containing  Fermian  or  Upper  Carl  )oniferous  marine  fossils,  some  of  which  are  identical 
with  Australian  species.  These  marine  beds,  homotaxial  with  the  freshwater  strata 
of  the  peninsula,  are  regarded  by  Indian  geologists  as  Upper  Carboniferous.  More 
recently  additional  data  have  been  obtained  from  Kashmir,  where  Dr.  Noetling 
discovered,  in  the  Vihi  valley,  a  few  plants,  Gcmr/amoj>teris  haslnnirensis  Sew., 
Pspptaojdri/lhuii,  etc.,  with  some  fish-remains  and  a  Labyrinthodout  compared  by  Dr. 
Smith  Woodward  with  European  Permian  species.^  Mr.  Hayden,^  who  collected 
plants  from  the  same  region,  considers  that  the  Ganr/ainopteris  beds  are  not  younger 
than  Upper  Carboniferous.  A  further  account  of  the  geology  of  Kashmir  is  given  by 

'  For  a  general  acco\mt  of  the  (jrlosso2)teris  ilora  and  for  references,  see  Zeiller  (97);  Arber  (05); 
and  Seward  (04).  For  a  critical  summary  of  our  knowledge  of  the  glacial  beds,  see  Penck  (00) ; 
Bertrand  (09). 

^  Fedden  (75)  ;  see  also  IMedlicott  and  Blanford  (93),  p.  158. 

Feistmantel  (81),  pi.  XLVII  A,  tigs.  5-7. 

■'  Seward  and  Woodward  (05) ;  Sewai’d  (07"). 

Playden  (07),  p.  38. 
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Mr.  Middlemiss,’-  who  found  Gaiif/avwpteris  helow  the  Zewau  series  which  contains 
Athi/ris,  Prochictus,  and  other  marine  shells. 

Dr.  Griesbach^  demonstrated  the  extension  of  the  Talehir  boulder  beds  into 
Afghanistan  (Herat,  Alap  B,  1),  and  Persia  (Khorassan),  and  he  discovered  a  few 
fragments  of  Lower  Gondwana  plants  ;  but  our  knowledge  of  these  regions  is  very 
incomplete. 


h.  Australia  and  Tasmania. 

Since  the  discovery  by  Dr.  Selwyn,  in  1859,  of  Ixjulder  beds  in  the  valley  of  the 
Inman  river  in  South  Australia,  evidence  has  been  steadily  increasing  in  support  lioth 
of  the  glacial  origin  and  wide  distribution  of  deposits  homotaxial  with  and  litho¬ 
logically  in  agreement  with  the  Talchirs  of  India,  the  Dwyka  of  South  Africa,  and  the 
Orleans  conglomerate  of  South  America.  Glaciated  rock-pavements  have  been 
discovered  at  Adelaide  and  elsewhere.^  As  Prof.  Edgeworth  David  has  shown  in  his 

O 

paper  on  “  Evidence  of  Glacial  Action  in  Australia  in  Permo-Carlioniferous  Times,” 
there  can  be  no  doul)t  that  a  vast  area  of  Australia,  including  Tasmania,  is  occupied  liy 
glacial  deposits  and  overlying  plant-l)eds  homotaxial  with  the  Lower  Gondwana  series 
of  India.  There  is  conclusive  evidence  of  the  existence  both  of  land  and  floating  ice. 
Plants  of  the  Glossopteris  flora  have  been  obtained  from  the  Mersey  coal-field  of 
Tasmania,  the  Newcastle  and  Muree  series  of  New  South  Wales,  the  Bacchus  Marsh 
sandstone  of  Victoria,  the  Bowen  river  series  of  Queensland,  from  Yellow  cliff  in  the 
interior  of  the  continent,  from  the  Collie  river  coal-field,  the  Gascoyne  river  and  other 
localities  in  Western  Australia,  and  recently  from  the  Mount  Mulligan  coal-field  in  the 
York  peninsula  in  the  extreme  north.®  The  occurrence  of  Sphenophi/llum  speciosuni 
(Feist.)  in  this  north  Australian  coal-field  extends  the  range  of  the  genns  in  the 
southern  province.  Sphenophi/llum,  a  common  northern  type,  has  hitherto  been 
recorded  in  association  with  Glossopteris  only  in  India  and  in  Natal. 

Important  evidence  as  to  the  age  of  the  lower  GlossopterisAoeAH  is  supplied  liy  the 
occurrence  of  marine  lieds  aljove  and  below  the  coal-seams  of  the  Muree  series 
containing  Carlioniferous  shells. 

Lower  Carlmniferous  and  Devonian  plants  are  recorded  from  New  South  Wales, 
Victoria,  and  Queensland,  from  rocks  below  the  glacial  tillite,  testifying  to  the 
existence  in  these  regions,  as  in  many  other  parts  of  the  world,  of  a  cosmopolitan 
VxQ- Glossopteris  flora.  In  the  greater  purity  of  the  Glossopteris  flora,  in  the  sense  that 
no  species  of  Lepkloclendron  or  Sipillarki  have  been  found  above  the  glacial  beds, 
Australia  agrees  with  India. 


^  Middlemiss  (09). 

^  Griesbach  (8.^) ;  (86) ;  (87). 

®  Penck  (00);  Howchin  (12).  Both  authors  give  references  to  other  sources. 
^  David  (96).  See  also  David  (87). 

®  Ball  (12). 
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c.  South  America. 

hi  JAazil  Pre-Carl )oiiiferous  strata  containing  marine  fossils  are  succeeded 
unconforma])ly  hy  sandstones  and  shales  resting  on  granite  and  passing  up  into  the 
tlrleans  conolonierate,  a  rock  consisting  of  houlders  emhedded  in  an  unstratihed 
argillaceous  material,  and  closely  resemliling  the  Talchir  beds  of  India.  The  recent 
acc<mnt  of  this  conglomerate  by  Mr.  White^  would  seem  to  confirm  the  earlier  opinion 
of  Derby,  that  in  South  America  there  is  evidence  of  widespread  glacial  phenomena. 
The  occurrence  of  JUtacopferis,  a  LeptilodeiuhuDi.  similar  to  L.  notJnint  I  ng.,  and  other 
plants  in  the  province  of  San  Juan  in  Argentimr  and  elsewhere,  establishes  the  close 
resemblance  between  the  Pre-CVc.S'.svyVcr/.v  flora  of  South  America  and  that  in  other 
parts  of  the  world.  Above  the  (Jrleans  conglomerate  in  Brazil,  and  from  beds  in  the 
same  position  in  the  Argentine,  several  members  of  the  Glussnptei-is  flora  have  been 
recorded,  including  Glossojiteri-^,  G(Ln(i(iinopterii<,  Xeu)-opteri(Iiuin,  Gordaites,  PlqjUo- 
fheat,  and  other  genera.  In  1895  Zeiller®  described  Lepidopldow^  larici/ius  Sternb.,  a 
northern  type,  in  association  with  several  members  of  the  Glossopteri-s  flora  in  Brazil, 
together  with  J.epldodeiidron  and  S'Kjdlaria,  an  admixture  similar  to  that  in  the  plant- 
beds  at  Vereeniging  in  the  Transvaal.  From  the  Argentine  Kurtz'*  has  recorded  several 
(Tondwaiia  plants,  and  Bodenbender  ^  records  Lepidodendron  and  Li'pidopldoios.  IMore 
recently  Dr.  White®  has  described  several  species  from  Brazil,  for  the  most  jiRi't  widely 
distributed  southern  types,  Imt  including  Sli/dlaria  and  a  few  other  northern  plants. 
A  problematical  fossil  named  by  White  ] Lat^th)ii)n((,  and  doulitfully  referred  to  the 
})lant-kingdoni,  has  since  been  shown  to  lie  founded  on  fragments  of  a  Eurypterid  very 
similar  to  a  Devonian  species  from  Ireland.'^  This  genus  was  found  in  the  lower  plant- 
bearing  strata  in  the  18.  Catharina  system.  The  species  Psaronius  bmsiliensis  Ung.  is 
the  oidy  representative  in  the  Glossopteris  flora  of  this  genus  of  tree-ferns  characteristic 
of  the  northern  province  :  another  type  of  fern  stem  has.  recently  been  described  by 
Draf  zu  Solnis-Lauba('lD  as  Tietea  siiq/idari-^.  The  occurrence  of  these  ferns  with 
L('pid<>pldt>/(>s^  GipilJarifi  and  (\irdaites  in  beds  above  those  containing  the  oldest 
examples  of  the  GloxsopferG  flora  may,  as  Dr.  White  suggests,  indicate  a  change  from 
the  more  rigorous  conditions  represented  by  the  Drleans  conglomerate. 

d.  Falkland  Islands. 

Brofessor  Nathorst’s  identification  of  some  imperfectly-preserved  specimens  of 
/7y///c///ccD-stems  first  suggested  the  occurrence  of '  the  Glossojiteris  flora  in  the 
Falkland  Islands  (jMap  B,  O).  Six  years  later  Dr.  Halle  published  an  important 
memoir,  “On  the  Oeological  Structure  and  History  of  the  Falkland  Islands,”®  in  which 

’  5\  Lite,  I.  0.  (08).  -  Hz.ijiiocha  (91). 

Zeilkn-  (9;")).  Kurtz  (9‘1)  ;  see  also  Zeiller  (9(5). 

l!o(U‘ii)jeii(ler  (02).  “  AVliite,  D.  (08). 

'  Seward  (09)5  oodward,  H.  (09).  Soliiis-LauLaeli  (l.'l). 

''  Nathorst  (OG)  ;  Halle  (12). 
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lie  gives  the  results  of  his  owu  iiivestigatious  and  those  of  other  members  of  the 
Swedish  South  Polar  Expedition  (1901-03).  He  records  the  occurrence  of  a  few 
Devonian  plants,  ejj.  Lepidodendroid  fragments  recalling  Lepidinlendroi  nofJrnDi  Ping., 
and  L.  aastrale  McCoy,  indicating  the  existence  in  this  region  of  the  widely  spread 
VYQ-Glossojtferis  bora.  From  Permo-Carboniferous  strata  assigned  to  the  Lafonian 
series  (so  named  from  Lafonia,  the  southern  peninsula  of  the  eastern  island),  he  records 
Glussopteris  hidica,  G.  Jdrt/cu/aua,  and  other  forms,  also  Gdiu/tiinojtferis  ci/c/ojiferoides, 
species  of  Pliijllotdieca,  a  Ihidoxi/loii,,  and  a  few  other  plants.  Associated  with  the 
plant-beds  are  pebble-l)earing  deposits  with  the  characters  of  tillite,  as  defined  by 
Prof.  Penck,  containing  striated  boulders  and  facetted  pelililes.  The  discovery  of  this 
typical  Lower  Cfondwana  tiora  and  of  glacial  deposits,  demonstrates  the  southern 
extension  of  (Tondwanaland  beyond  the  confines  of  the  present  mainland. 

e.  South  x4frioa  and  AIadagascar. 

The  presence  of  Permo-Carboniferous  boulder  beds  in  South  Africa  was  first 
recognised  by  Sutherland  in  1870  in  Natal,  and  in  recent  years  much  fresh  evidence 
has  been  gathered  in  support  of  his  interpretation  of  the  nature  of  these  widely  spread 
glacial  deposits,  known  as  the  Dwyka  conglomerate,  which  form  the  base  of  the  Karroo 
formation  and  in  several  places  rest  on  smoothed  a.nd  deeply  furrowed  platforms  of 
older  rocks."  Immediately  above  the  Dwyka  is  a  thick  series  of  freshwater  l)eds 
containing  Glossoptods,  Gdiuja  mopteris,  and  several  (Aher  genera  with  seams  of  coal 
and  occasionally  an  old  land-surface  with  the  spreading  ro(jts  of  trees.^  These  lower 
plant-ljeds  l)elong  to  the  Ecca  series  and  are  clearly  honiotaxial  with  the  Lower 
Gondwauas  of  India.  Above  them  are  the  Beaufort  beds  containing  many  reptiles 
resembling  European  species.^  Tlie  Gloftsopteris  fiora  has  left  abundant  traces 
in  Cape  Colony,  the  Transvaal,  the  Ui'ange  Eiver  Colony,  Zululand,'*  Plajdesia,® 
Portuguese  East  Africa,®  and  as  far  north  as  Lake  Nyasa.^  A  ikj table  feature  of  the 
South  African  flora  is  the  association  with  Glossopferis  and  other  S(juthern  genera  of  a 
northern  species  of  Si(/il/(iria  near  Johannesburg,®  while  at  Vereenigiug,  on  the  Vaal 
river,  Mr.  Leslie  discovered  Si</dla)‘l(i,  Lcjdidodeiidron,  mid  7ic///ccdc/a/rc//,  indistinguish¬ 
able  from  northern  species.®  Dr.  Arber  records  the  occuri'ence  in  Rhodesia  of 
Glossopteris  associated  with  fragments  resembling  Gnjillaria.  As  alrea<Iy  stated,  there 
is  evidence  of  the  existence  of  a  Devonian  fiora  in  South  Africa. 

In  1908  Al.  Boule  aniKJunced  the  discovery  of  fossil  reptiles  in  Aladagascar 


^  Davis  (06) ;  Lomas  (06)  ;  Rogers  and  du  Toit  (09)  ;  Mellor  (05). 

Mellor  and  Leslie  (06). 

^  For  a  general  account,  see  Rogers  and  du  Toit  (09). 

Seward  (07);  Etheridge  (01). 

■’  Arber  (03).  Since  this  summary  was  written  a  paper  has  been  pul)lished  in  Engler’s  “  Rotanische 
Jahrbiicher  ”  recording  the  occurrence  of  (Thissuptn  in  in  Gerjuan  East  Africa  (7 . 15°  S.  Lat.,  37 . 9°  E.  Long.) 
[Brehmer  (14)]. 

^  Potonie  (00).  Ai-ber  (10).  *  Seward  (97).  ”  Seward  and  Leslie  (08). 
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agreeing  with  some  European  species  and  apparently  allied  to  the  South  African  genus 
Snurosternon.  By  a  fortunate  accident  a  leaf-impression  was  associated  with  one  of  the 
skeletons,  and  this  was  identified  hy  Prof.  Zeiller^  as  Glossopteris  Indka  Schimp.,  an 
identification  wliich  demonstrates  the  former  occurrence  of  the  Gloasopterh  flora  on  the 
eastern  side  of  the  Mozand)ique  channel. 

f.  Malaya. 

In  1885  J\lr.  Tenison-W(jods  ^  stated  that  he  had  identified  7 (lustralis 
Brongn.  and  Vertehrarla  from  the  Sarawak  coal-hearing  strata  in  Borneo  (Map  B,  L), 
hut  so  far  as  I  know  this  preliminary  announcement  has  not  heen  followed  hy  an 
illustrated  description  of  the  fossils,  and  until  more  satisfactory  evidence  is  adduced 
the  occurrence  of  the  Glossopferia  fif)ra  in  Borneo  cannot  l)e  regarded  as  estahli.shed. 

From  a  locality  l)etween  Penang  and  Kuala  Lumpur  (Map  B,  K)  Mr.  Scrivenor^ 
rec(n'ds  the  occurrence  of  deposits  resemhling  till  and  houlder  clay,  which  he  regards 
as  honiotaxial  Avitli  the  Talchir  beds  of  India.  No  plants  have  heen  found.  "While 
admitting  the  prohahihty  that  Malaya  may  have  l:)een  in  part  included  in  the 
(londwanaland  area,  the  evidence  at  present  availalde  is  not  conclusive. 


4.— THE  UCCUPv PENCE  OF  GLOSSOPTERIS  AND  OTHER  SOUTHERN 
TYPES  IN  UPPER  PALAEOZOIC  FLORAS  IN  RUSSIA  AND  SIBERIA. 


The  discovery  hy  Prof.  Amalitzky*  of  Glo.ssojjteris  indicd.  and  two  other  species 
of  the  genus  with  GdiKidiiiopteris  ri/clopttn'oide.s  in  Upper  Permian  rocks  on  the  River 
Dwina  (Map  B,  A),  in  association  with  reptilian  remains  agreeing  with  South  African 
Lower  Karroo  species,  demonstrated  an  unexpected  extension  of  the  flora  and  fauna  of 
(Tondwanaland  into  European  territory.  W^ith  Glossopteris  and  Gathjaniopterk  were 
found  C(d/lj>feris,  Tdenioptens,  and  other  plants  identical  with  Euroj^ean  types.  The 
(dose  resemhlance  hetween  some  Lamellihranchs  discovered  in  1892  in  this  part  of 
North  Russia  and  species  from  South  Africa,  suggested  a  stratigraphical  correlation 
hetween  the  northern  and  southern  strata,  and  this  received  confirmation  through 
the  sul)se(|uent  discovery  of  Glossopferis  and  GaiKiamopteria.  Several  years  before 
Amalitzky’s  sensational  discovery,  SchmalhauseiU  had  described  a  collection  of  plants 
from  Petschora  (i\Iap  B,  B)  and  the  Lower  Tunguska  river  (i\lap  B,  E),  also  from 
the  Altai  Mountains  (Map  B,  H),  which  he  regarded  as  indicative  of  a  Jurassic  age. 
The  Altai  plants  had  heen  assigned  hy  previous  writers  to  the  Palaeozoic  system.  A 
revision  of  Scdimalliausen’s  determinations  hy  Zeiller*^  led  him  to  class  the  floras  as 
Permian  :  he  recognised  aanong  Schmalhausen’s  supposed  Jurassic  ferns  several  well- 
known  Tipper  CVirhoniferous  and  Permian  European  types,  and  one  of  the  Russian 


‘  Boule  (08). 

Amalitzky  (97):  (01);  Zeiller  (98). 


-  TenisonAVoods  (85). 

®  Scliiualhcausen  (79)  ;  (83). 


Scrivenor  (1’2). 
"  Zeiller  (96-). 
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species  lie  conqiared  with  a  North  Aiiierican  Permian  species.  Sclimalhaiiseii’s 
Phi/Uotheca  deliquescens  is  compared  with  P.  indica,  and  the  leaves  named 
Phil>tozainlfes  Goepperti  Zeiller  regards  as  identical  with  the  Jjower  (londwana 
Nueqqeradtiojisis  Jlislop'i.  It  is,  however,  important  to  bear  in  mind  that  Phyldofheca 
is  not  exclusively  a  southern  geuns  ;  species  are  known  from  Jurassic  rocks  of  Italy, 
and  a  species,  P.  PaUli,  has  been  described  by  Zeiller^  from  the  Coal  Measures  of 
Ileraclea  in  Asia  Minor.  In  a  later  contribution  Zeiller^  described  additional 
specimens  from  the  Kusnetz  liasin  (Maj)  B,  II),  and  extended  his  revision  of 
Schmalhausen’s  species.  The  specimens  described  as  Gi/clopitys  Kordeiislcloldl  Schmal. 
he  believes  to  be  probably  identical  with  ^Innidaida  steUafa,  a  Stephanian  and 
Permian  European  species,  and  closely  allied  to  Annalaria  anstraHs.  Schmalhauseu’s 
Za)niopferis  ylo-'^sopferoides  is  compared  with  the  Stephaniau  and  Permian  genus 
Lesleyad  These  floras — Tunguska,  Kusnetz,  Altai,  and  Petschora — are  clearly 
Permian  in  age,  and  while  in  the  main  agreeing  with  other  European  and  to  some 
extent  with  North  American  Permian  floras,  they  include  a  few  types  identhail  with 
or  closely  allied  to  memliers  of  the  Glossopti'i-is  flora.  More  recently  GothaiM  has 
discussed  the  afliuities  of  the  Tunguska  and  other  Siberian  plants,  and  his  conclusions 
are  in  general  agreement  with  those  of  Zeiller. 

(Jne  f)f  the  most  widely  distributed  species  represented  in  the  Siberian  Permian 
floras  is  that  descril)ed  l)y  (Joeppert  as  (ordaites  aequalG;  it  is  recorded  from  the 
Petschora  basin,®  Orenburg®  (Map  B,  C),  from  the  Lower  Tunguska,  the  Khatanga 
river  (Map  B,  D),  the  Angara  river  (Map  B,  F),  Sndzenka  ^  (province  Tomsk; 
Map  B,  G),  North-West  Mongolia,  and  elsewhere  in  Siberia,  in  addition  to  the  numerous 
localities  in  India  and  the  southern  hemisphere.  It  was  suggested  by  Kosmovsky  that 
Goeppert’s  Cord  aides  aeqiuilis  from  the  Altai  Mountains  is  identical  with  Bunbnry’s 
species  Noeyyerathioqqsis  Uislopi  from  the  Lower  Gondwana  of  India,  and  this  opinion 
has  recently  been  confirmed  by  Zalessky.®  Noeyyerafhiopsis  has  long  been  recognised 
as  in  all  probability  a  meml)er  of  the  Cordaitales,  and  a  few  years  ago  I  ventured  to 
snl)stitute  Cordaites  for  Xoeyyerafitiopsis  as  the  more  appropriate  name.'’  Additional 
evidence,  which  need  not  l)e  discussed  here,  has  been  brought  forward  by  Zalessky  and 
others  which  leaves  ikj  room  for  doubt  that  the  genus  Cordaites  fl(mrished  over  a  wide 
area  in  both  liemispheres  in  Permo-Carboniferous  times.  Dr.  Scott’s  and  Mr.  Maslen’s 
recient  researches  have  demonstrated  the  existence  in  Carboniferous  rocks  of  Cordaitalean 
stems,  assigned  by  them  to  a  new  genus  ]\feso;rylotiP  which  can  be  distinguished  from 
those  of  Cordaites  only  by  certain  anatomical  characters.  In  the  absence  of  well- 
preserved  specimens  the  two  genera  cannot  be  distinguished  ;  and  we  have  no  means  of 


1  Zeiller  (99),  p.  65. 

^  Seward  (10),  p.  517. 

^  Zalessky  (13). 

^  Zalessky  (12). 

"  Seward  and  Leslie  (08),  p.  121. 


-  Zeiller  (02"). 

^  Gothan  (11). 

Schmalhausen  (87). 

*  Zalessky  (12"). 

Scott  and  Maslen  (10) ;  Maslen  (11) ;  Scott  (12). 

F  2 


36 


“TERRA  NOVA”  EXPEDITION. 


knowing  wlietlier  tlie  leaves  (lescril)e(l  as  species  of  Conhiites  were  Ijorne  on  stems  of 
tlie  (.'or<laifes  or  Meso.rj/ldn,  type.  The  name  ('ordaites  is  therefore  used  in  a  wide 
sense,  and  includes  specimens  that,  were  their  structure  preserved,  would  be  assigned 
to  Mesoa'i/hm.  As  Zeiller  pointed  out,  Schmalhausen’s  Rhiptozaniites  Goepperti  is 
undoubtedly  the  same  plant  as  XoejiijtnuitJiiopf^is,  and  therefore  presumably  as  Cordaites 
(wpudG. 

In  recent  years  there  have  been  several  important  additions  to  our  knowledge  of 
Permian  Sil)erian  boras  by  Zalessky  and  other  Kussian  writers,  but  a  full  discussion  of 
these  would  extend  our  survey  beycmd  reasonable  length.  The  main  point  is  that 
further  evidence  has  l)een  collected  pointing  to  an  association  of  northern  and  southern 
plants  over  an  area  extending  from  N.AV.  ^Mongolia  through  Si])eria  to  north  Eussia. 
Zalessky’-  has  descriljed  several  specimens  from  the  Eiver  Adzva  in  the  Petschora  basin, 
which  he  assigns  to  an  Upper  Permian  horizon,  including  (rcuKjninopteris  rossica,  a 
species  founded  on  leaves  agreeing  in  shape  and  in  the  al)sence  of  a  definite  midrib 
with  other  forms  of  the  genus,  but  distinguished  by  the  rarity  of  anastomoses  Ijetween 
the  sec(mdary  veins,  a  feature  regarded  as  due  in  part  to  imperfect  preservation. 
'Uiis  species  may  be  identical  with  that  described  by  Schmalhausen  as  Zaniiojjteri.s 
(/lossojjtei'oldi's,  which  Zeiller  compares  with  Leslei/a.  It  is,  however,  interesting  and 
suggestive  that  a  few  cross-connections  occur  between  the  veins,  and  it  is  by  no  means 
unlikely  that  Zalessky  is  correct  in  adopting  the  generic  name  Ganijamopteris.  The 
almost  complete  absence  of  anastomoses  in  some  Glossopteris-ixondi^  from  India  and 
South  Africa  affords  a  parallel  case.  Among  other  plants  from  the  Adzva  river  are 
Schianmu'd  pond irdiimsls,  ] ktiideoji.'iis  Jluphe-'^l,  an  Indian  and  South  African  species 
recorded  also  by  Krasser  ^  from  China,  and  l)y  Zeiller^  from  the  Rhaetic  of  Tonkin, 
Corddifes  dequalis,  species  of  Pddo.vplon,  and  some  coarsely  veined  leaves,  probably 
Cordaitalean,  referred  to  a.  new  genus  Pln/lhidodermd.  As  Zalessky  points  out,  we 
have  in  this  flora  another  indication  of  an  admixture  of  northern  and  southern  types. 
The  species  named  by  Zalessky  (daUipteris  nmlensl.^,  t)riginally  described  in  1840  as  a 
species  of  is  founded  on  fronds  similar  in  habit  to  Xeuroptenldiuni  vnliduiu, 

an  Indian  and  southern  hemisphere  plant. 

8hnce  -lavorovskij’s  account  of  the  plant-beds  of  Sudzenka,  in  the  province  of 
Tomsk,  additional  specimens  have  lieen  described  by  Petunnikow'*  and  Zalesskv,®  which 
indicate  a  further  association  of  European  species  with  plants  agreeing  with  members 
of  the  GIos.'<oj>ter/.'<  fiora  ;  the  portions  of  fronds  named  liy  Petunnikow  Nedropferidium 
sihificdm  are  hardly  distingnisliable,  except  by  their  smaller  size,  from  Xenrojiteridiuni 
vd/lddni.  The  genus  Xeuropterid mm,  though  characteristic  of  the  older  Gondwana 
boras,  is  not  confined  to  the  southern  province.  A  species,  N.  gmudifolium,  from  the 
Punter  sandstone  of  the  Vosges,  is  very  similar  to  the  Indian  species,  and  it  is  liighlv 


1  Zalessky  (13).  -  Krasser  (00),  p.  14.').  Zeiller  (03),  p.  57. 

■*  Petunnikow  (09).  Zalessk)’  (12). 
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prol)a1)le  tliat  there  is  not  a  real  generic  ditfereiice  l)etweeii  Neurojtter/dmin  and  some 
Permian  European  types  referred  to  C(t/lij>terl.s  and  other  genera.  The  specimens 
figured  hy  Zalessky  from  Budzeuka  as  Gaiiijainopteris  card lopteroules,  previously 
named  hy  Schmalhauseii  A'citroptens,  and  by  Petimuikow  referred  to  Cardiapteris,  are 
assigned  to  Gan(ja.inopteris  on  the  ground  of  the  occurrence  of  a  few  faint  oblique  cross- 
connections  between  the  curving  secondary  veins  in  the  large  and  lu'oad  pinnules.  The 
photographs^  do  not  carry  conviction  as  to  the  presence  of  true  anastomosing  veins, 
and  the  fact  that  tlie  Sudzenka  and  Mongolian  specimens  are  porti(Jus  of  compound 
fronds  is  a  serious  obstacle  in  the  way  of  adopting  the  generic  name  GaiKja.iiiopteris. 
While  agreeing  with  Zalessky  in  his  reference  of  the  Petschora  leaves  to  Gaiujainopteris, 
I  cannot  accept  his  use  of  that  designation  for  the  Bu<lzenka  and  Mongolian 
specimens. 

Enoueh  has  been  said  to  show  that  in  Permian  times  there  was  a  closer 
resemblance  between  European  and  Asiatic  floras  in  the  northern  hemisphere  and  the 
vegetation  of  Cfoudwanaland  than  has  generally  been  supposed.  It  is  probalde  that, 
as  Zalessky  says,  in  the  latter  part  of  the  Palaeozoic  era  there  was  a  connection  l)etweeu 
the  opposite  shores  of  Buess’s  Thetys  sea  either  by  an  isthmus  or  through  a  chain  of 
islands. 

5.— THE  OCCURRENCE  OF  GLOSSOPTERJS  IN  LOWER 

MEBOZOIC  FLORAB. 

a.  Tonkin. 

In  an  important  memoir  on  a  large  collection  of  plants  from  the  mines  of  Ilongay 
and  the  island  of  Kebao  in  Tonkin  (Map  B,  J),  Zeiller^  describes  specimens  of  Glas.wp- 
teris  tndica.  and  EfoepgeratJdopsis  ILslopi  [=  Cardaites  neqiudls?),  associated  with 
numerous,  species  of  ferns,  cycads  and  other  plants  in  many  cases  specifically  identical 
with  Rhaetic  types  from  other  parts  of  the  world.  Among  species  of  special  interest 
in  connection  with  the  distribution  of  types  represented  in  the  Glossopteris  flora  is  one 
described  by  Zeiller  as  Danaeopsis  [cf.  />.  ]Jia/hesl  Feist.).  This  plant  occurs  in  India  in 
passage-beds  between  the  Lower  and  Upper  Goudwaiia  series,  in  Rhaetic  beds  in  Bouth 
Africa,  in  the  Upper  Permian  of  the  Petschora  basin,  and  in  C-hina.  A  specimen 
descrilied  by  Shirley  as  AGuropteris  piuictata  from  the  Ipswich  beds  of  Queensland 
should,  perhaps,  be  referred  to  Thmaeopsls.  The  discovery  of  (dlossopterict  in  the 
Rhaetic  of  Tonkin,  where  one  species  occurs,  and  in  the  Rhaetic  flora  of  a  neighliouriug 
Chinese  province,  where  it  is  represented  liy  Glossopteris  am/ustifolia,  demonstrates 
the  persistence  of  the  genus  into  the  Mesozoic  era  in  the  southern  region,  while  further 
north  it  has  not  been  found  in  rocks  higher  than  the  Permian. 


Zalessky  (12),  figs.  4,  7,  14. 


1 


^  Zeiller  (03). 
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h.  ^Mexico. 

Ill  a  preliiiiinaiy  account  of  liis  investigations  in  iMexico  (iMap  X),  Dr.  WielantP 
records  the  discovery  of  (Jlossdj/terl.'^  with  X(je(/(/erntJiioj)S/s  Jfidopi  [=  Cordaites) 
in  the  lower  strata  of  a  thick  plant-bearing  series  accompanied  by  several  ferns  and 
cycadean  species  indicating  a  geological  age  at  least  as  recent  as  the  Triassic  period. 
iLs  Zeiller  has  shown,  persisted  into  the  Upper  Triassic  or  Ehaetic  period 

in  Tonkin,  and  it  is  now  generally  admitted  that  lineal  descendants  of  Cordaites 
flourished  in  Europe  at  least  as  late  as  the  Triassic  period. 


n.— TJIE  QUESTION  OF  THE  OCCURRENCE  OF 

IN  NEW  ZEALAND. 


GLOSSOPTERIS 


Some  specimens  collected  by  Mr.  IMcKay  in  the  Canterbury  Alps  were  identified 
by  Hector^  in  1878  as  GVo.sse/^to'/.s-leaves,  but  his  identification  was  contested.  A  very 
■welcome  contribution  to  our  meao-re  knowledo'e  of  the  ancient  floras  of  New  Zealand  has 

O 

recently  been  published  by  Dr.  Arber,^  who  describes  a  collection  made  by  ]\Ir.  Lillie,  a 
member  f)f  Capt.  Scott’s  last  expedititm,  and  ]\lr.  Speight  from  the  IMount  Potts  l)eds 
in  Ashburton  cf)unty,  Canterbury.  The  most  interesting  specimens  are  impressions  of 
leaves,  identical  in  form  with  those  of  some  types  of  UAs.seyvdo’W,  which  Arber  refers  to  a 
new  genus  Liju/iiifoIliinL  The  genus  is  instituted  on  the  ground  that  the  forked 
secondary  veins  are  lujt  connected  by  anastomoses,  though  in  a  few  places  there  appear 
to  be  some  cross-connections  which  are  considered  to  be  due  to  the  displacement  of  a 
film  (3f  carbon  and  are  mjt  regarded  as  true  connecting  veins.  Through  the  courtesy  of 
jMr.  Lillie  I  was  al)le  to  examine  the  fossils  :  while  admitting  the  almost  complete 
absence  of  anastomoses,  I  believe  that  in  one  or  tw'o  cases  there  are  actual  cross- 
(‘.onnections  and  that  the  fronds  are  very  closely  related  to  such  species  as  GIo-'<sopteris 
indica  and  G.  Dr.  Arber  speaks  of  Linguifolhoii  LdHeanuin  as  a 

honif)eomorph  of  Glossopter/s,  a  term  first  applied  to  Brachiopods  and  Ammonites  to 
indicate  a  close  resemblance  bet^^een  species  “  of  distinct  origin  and  descent.”'*  Zeiller  “ 
has  draw'n  attention  to  the  occurrence  of  leaves  of  Glossopteris  Indica  in  the 
Karharljari  beds  of  India  in  which  there  are  a  few  connectino;  veins,  and  an  interesting 
example  of  departure  from  the  normal  type  is  afforded  by  a  leaf  described  from  the 
Vaal  river  in  South  Africa  in  which  there  are  practically  no  anastomoses.  This  form, 
Gh)ss(>pfe)‘iti  aiupisfi folia,  var.  faenioj>ter(ddes  Sew.  and  Les.,*^  is  associated  with  typical 
(/Ve.s.s'CyoA; 7 6-leaves  and  in  shape  agrees  absolutely  with  narrow  DVa.s-.svp/^cyv’.y-fronds. 
Mr.  Lillie’s  collection  includes  casts  of  E(piisetaceous  stems  compared  by  Arber  with 
Idg/llothcoa  and  Schi zoneura,  wdiich  appear  to  be  indistinguishable  from  specimens  of 
S(‘/iizoneara  described  by  Zeiller  from  Tonkin. 


'  Wielaiul  (13).  =  Hector  (78).  Arber  (13)  ;  Marshall  (RI),  p.  18-2. 

Zeiller  (02),  PI.  III.  ;  <■/.  also  Zeiller  (03),  PI.  XVI,  lig.  2. 

"  Seward  ajul  Leslie  (08),  p.  113. 


•*  Arber  (03fi. 
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Tlie  Mount  Potts  flora  as  a  whole  is,  as  Dr.  Arher  says,  no  douht  Upper  Triassic  or 
Rliaetic  ;  l;)ut  I  venture  to  think  that  the  further  conclusion  that  tliere  is  “  ncj  evidence 
that  New  Zealand  ever  formed  part  of  Gondwanaland  ”  is  open  to  question.  The  leaves 
on  whicli  the  genus  Lingulfoliaiii  is  founded  are,  I  helieve,  if  not  generieally  identical 
with,  at  least  very  closely  related  to  Glossopteris.  There  is,  morecwer,  a  close 
resemblance  l)etween  several  New  Zealand  species  and  plants  from  the  Rliaetic  floras  of 
Tonkin,  South  Africa,  and  elsewhere  which  contain  representatives  of  Glos.sopteris  or 
other  memliers  of  the  later  floras  of  the  Cfondwana  continent. 

7.— CLIMATIC  CONDITIONS  IN  THE  SOUTHERN  B()TANICAL  PROVINCE. 

The  almost  constant  association  of  Permo-Carboniferous  plant-lieds  in  India  and 
the  southern  hemisphere  with  glacial  deposits  is  a  fact  of  outstanding  importance  in 
relation  to  questions  concerning  the  climatic  conditions  under  which  the  Glussopteris 
flora  flourished.  The  fact  that  almost  all  the  records  of  the  Glossopteris  flora  are 

preserved  as  casts  or  impressions  and  not  as  petrifactions  deprives  us  of  a  most 

important  clue  as  to  the  kind  of  ha])itat  in  wliicli  the  plants  grew.  Petrified  stems 
from  Lower  Uondwana  rocks  in  India,  South  Africa,  and  in  some  cases  from  South 
America,  possess  clearly  marked  rings  of  growth  in  contrast  t(j  the  imjre  uniform 
diameter  of  the  tracheids  composing  the  wood  of  trees  from  the  northern  province.  Some 
wood  of  Lower  Gondwana  age  recently  sent  to  me  by  the  Director  of  the  Indian 
Geological  Survey,  an  account  of  which  is  sliortly  to  lie  pnlflished  by  Miss  Holden, 
aflbrds  a  remarkable  example  of  sharply  diflerentiated  spring  and  summer  wood  :  a 
similar  diflerentiation  is  seen  in  a  J 0x1/ ton-stem  received  from  Mr.  Leslie  from 
Vereeniging,  and  Permo-Carboniferous  woods  from  Australia  ^  exhibit  ecjually  clear 
rino-s  of  growth.  It  is  interesting  to  find  that  in  wood  from  a  higher  horizon 
in  the  GIo.'^sopferG-])eds  of  Brazil,  proliably  those  from  which  the  Psoronins 
was  obtained,  there  are  no  distinct  rings,  a  fact  interpreted  by  White 

as  evidence  of  ameliorated  conditions.  The  enormous  abundance  of  detached 

leaves  of  Glos^opteris  in  many  places  may  indicate  a  gregarious  and  deciduous 
plant  that  grew  wuth  fe\v  associates  over  wide  stretches  of  ground.  Goi'daites, 
though  represented  by  a  few  species  in  the  southern  flora,  reached  its  maximum 
development  in  the  northern  province,  but  the  occurrence  of  the  same  genus 
of  Recent  plants  in  very  diflerent  climatic  environments  warns  us  against  the 
assumption  that  the  presence  of  this  genus  in  Gondwanaland  implies  conditions  similar 
to  those  in  the  north.  From  the  analogy  of  the  habitats  of  Recent  tree-ferns  and  of 
memliers  of  the  Marattiaceae,  tlie  family  to  which  Psdronhos  is  most  nearly  allied,  the 
occurrence  of  Psoronlus  timsillensis  in  South  America  might  be  regarded  as  an 
argument  in  favour  of  a  sub-tropical  or  tropical  climate.  On  the  other  hand,  the 


1  Arber  (05),  p.  191. 
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existence  of  tree-ferns  in  close  proximity  to  the  Tasman  Glacier  in  New  Zealand 
demonstrates  the  adaptahility  of  plants  to  a  wide  range  of  climate.  The  small  uumher 
of  genera  and  species  in  the  GlitaHojiferl^  flora,  in  contrast  to  the  much  larger  numher  in 
the  European  Crad  Measures,  and  the  absence  (jf  several  types  characteristic  of  the  Coal 
period  swamps,  suggest  differences  both  in  climate  and  in  geographical  conditions. 
I'he  paucity  of  a  flora  in  genera  or  species  is,  however,  hardly  a  safe  index  of  climate. 
As  Brockmann-Jerosch  ^  has  recently  pointed  out,  the  determining  factor  with  regard 
to  the  I'ichness  of  a  flora  in  species  may  be  physiographical  or  physical  and  not 
climatic. 

The  presence  of  the  large  stems  disccjvered  by  Commander  Canipl)ell  and 
Mr.  Priestley,  even  granting  the  possiljility  of  transport  from  a  locality  further  from 
the  Pole,  clearly  points  to  an  xAiitarctic-  climate  very  different  from  that  under  which 
the  mosses  and  lichens  exist  at  the  present  day.  There  is  nothing  inconsistent  with 
our  knowledge  of  the  relations  of  Recent  plants  to  temperature  in  the  association  of 
vigorous  trees  and  a  dense  growth  of  smaller  plants  (Jii  the  slopes  of  mountains  with 
ice-filled  valleys.  There  is  a  further  (juestion  to  be  considered,  namely,  the  contrast 
between  the  vegetation  preserved  in  Pre-Gondwana  strata  and  that  from  beds  in  close 
relation  with  glacial  deposits.  The  comdusion  seems  inevitable  that  the  Lower 
Carboniferous  and  Devonian  floras  flourished  under  fairly  uniform  conditions.  Towards 
the  close  of  the  Carboniferous  era  the  conditions  changed  :  in  the  southern  hemisphere 
and  in  India  the  configuration  of  the  land  favoured  the  accumulation  of  snow  from 
year  to  year  and  the  })roduction  of  glaciers  and  icel)ergs,  while  in  the  northern  j)rovince 
there  wei'e  extensive  swamps  and  ice-free  hills  with  their  respective  plant-associations 
dihering  in  many  respects  from  the  vegetation  of  the  southern  continent,  though 
sin  u'ing  a  few  genera  in  common.  The  association  in  Boutli  America  and  Bouth  Africa 
of  a  few  northern  plants  with  the  (f/o.ssojjteris  flora  may  be  due  to  the  southern 
migration  of  some  of  the  more  har<ly  representatives  of  the  warmer  region  north  of  the 
e(]uator  ;  or  it  may  point  to  the  suivival  in  these  districts  of  genera  which  belonged 
to  the  Pro- CVc.s.svY.'Ayv.s  flora. 


8.- ANTARCTICA  AND  GDNDAVANALAND. 

Among  the  ([uestions  raised  by  the  distribution  of  the  glacial  beds  and  the 
< flora,  is  the  possibility  of  a  shifting  of  the  earth’s  axis  in  the  course  of  past 
ages.  A  map  given  by  Dr.  KokeiD  shows  a  hypothetical  grouping  of  land  and  water 
with  the  South  Pole  in  the  middle  of  the  present  Indian  ( fcean.  It  has,  however,  been 
pointed  out  by  Penck  and  other  writers  that  the  striae  observed  on  rock-platforms  in 
different  })arts  of  Gondwanaland  do  not  coincide  with  a  radial  movement  of  ice  either 
from  the  presi'iit  Pole  or  fi'om  a.  ('entre  (x'ciijiying  the  site  indiiaited  in  Koken’s  map. 
Another  dihiculty  is  the  abseiK'.e  of  any  widely  spread  traces  of  glacial  action  in 


^  RrockmjMin-Jerosch  (14). 


-  Kokeii  (07). 
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Pennu-Cail)uiiiferou,s  tiinc.s  in  the  North  American  contineiit  in  the  neigh])onrhoo(l  of 
North  West  Mexico,  where  the  North  Pole  would  he  situated  (Jii  the  assumption  that 
the  suggested  shifting  of  the  earth’s  axis  is  a  tenal)le  hypothesis.  ]jut  these  are 
prohlems  heyond  the  scope  of  this  article ;  (jur  chief  concern  is  with  the  polar  extension 
of  Goiidwanaland  that  is  indicated  1)y  tlie  recent  discovery  of  Glossopteris  in 
latitude  85°  S. 

If  we  assume  that  the  axis  of  the  earth  has  remained  approximately  fixed  at  least 
since  the  Palaeozoic  era,  the  occurrence  of  plants  such  as  those  discovered  on  the 
Priestley  Glacier  raises  the  (|uestion  of  the  effect  of  the  long  polar  night  on  vegetation. 
We  know  that  arborescent  plants  such  as  Willows  and  Junipers  are  able  to  exist  under 
an  Arctic  climate,  lait  their  gr(jwth  is  seriously  affected  not  merely  by  the  low 
temjDerature,  but  by  the  desiccating  effects  of  the  wind,  and  it  is  the  latter  that  in 
some  regions  determines  the  tree-limit.  KihlmaiM  descril)es  a  Juniper  with  a 
diminutive  stem  83nini.  tliick,  showing  at  its  base  544  rings  of  growth,  the  average 
breadth  being  0'19nim.  The  stems,  discovered  in  latitude  75°  S.,  could  clearly  not 
have  grown  under  conditi(ms  comparaUe  with  those  which  now  characterise  the 
Antarctic  continent.  The  dwarfed  and  creeping  habit  of  Arctic  trees  is,  however,  not 
attributable  to  the  absence  of  sunlight  over  an  extended  period,  but  to  other  iuhil)iting 
causes.  The  concentrated  activity  of  the  plant-machine  in  Greenland  and  otlier 
Arctic  countries  compensates  for  the  short  duration  of  the  growing  period,  and  the 
sul)stitution  of  a  continuous  period  of  darkness  for  the  daily  recurring  hours  of  darkness 
is  not  a  serious  o1)stacle  to  the  existence  of  perennial  plants.  A  difficulty  that  besets 
the  path  of  the  j^lant  physiologist  is  to  discriminate  Ijetween  the  various  factors 
controlling  plant-life,  and  if  we  would  measure  the  inhueuce  of  a  long  polar  night,  it 
is  necessary  to  eliminate  the  effects  produced  by  the  lowering  of  temj^erature  and  other 
factors.  It  may  l)e  assumed  that  in  the  days  when  Glossoj/teris  and  other  genera 
flourished  on  Antarctica  the  climatic  conditions,  at  least  as  regards  temperature,  were 
more  favourable  than  now,  but  we  lack  experimental  data  to  give  us  a  clue  to  the 
nature  and  extent  of  the  iiiHuence  of  a  prolonged  sunless  period.  There  is  no  serious 
difficulty  in  the  way  of  Arctic  or  Antarctic  plants  surviving  the  winter  months  eitlier 
in  a  condition  similar  to  that  of  deciduous  trees  in  a  European  winter,  or  even  as 
evergreens  living  at  low  pressure  on  the  surplus  food  manufactured  in  the  course  of 
the  prolonged  period  of  sunshine. 

That  there  lias  lieen  a  considerable  change  of  climate  is  certain,  but  the  palaeo- 
botanical  data  cannot  be  re^aiuled  as  evidence  favourable  to  an  alteration  in  the 

o 

position  of  the  earth’s  axis. 

Eecent  traverses  through  South  Victoria  Land  have  added  considerably  to  our 
knowledge  of  a  portion  of  the  Antarctic  land,  but  for  the  most  part  the  floating 
termination  of  the  land-ice^  beyond  which  explorers  have  penetrated  for  short  distances 

-  See  Map  C,  “  Etlge  of  unexplored  area.” 


'  Quoted  by  Schiiuper  (03),  p.  676. 
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at  different  points,  forms  the  edge  of  a  /erm  incognita  (i\Iap  C).  The  available 
geographical  data  afford  clear  indications  of  the  existence  of  a  great  Antarctic  continent 
at  least  as  large  as  Europe ;  for  this  continent  Suess^  has  proposed  the  name  Antarctis, 
and  Nordenskjold"  in  his  excellent  summary  of  facts  concerning  both  the  regions  that 
lie  beyoml  the  edge  of  the  land-ice  and  the  subantarctic  islands,  speaks  of  the  polar 
continent  as  Antarctika.  The  sedimentary  strata  included  under  the  comprehensive 
term  Beacon  Sandstone  series  are  at  least  in  part  of  Palaeozoic  age  ;  the  fish-remains 
from  Mt.  Suess  (Map  A,  77°  S.  lat.)  point  to  a  Devonian  horizon,  while  the  beds 
containing  the  fragmentary  leaves  of  Glosso]>teris,  viewed  in  the  light  of  the  geological 
range  of  the  genus  in  other  parts  of  the  world,  may  be  as  old  as  Upper  Carboniferous 
or  as  late  as  the  Rhaetic  period.  It  is,  however,  by  no  means  impossible  that 
Glossoptei'is  and  other  genera  fiourished  on  this  Antarctic  continent  (i\lap  B,  R)  at 
a  period  anterior  to  that  which  witnessed  their  dispersal  beyond  the  Antarctic  circle. 

In  a  letter  to  Hooker,  Darwin  wrote  :  “  Nothing  is  more  extraordiuarv  in  the 
history  of  the  Vegetable  Kingdom,  as  it  seems  to  me,  than  the  apparently  very 
sudden  or  abrupt  development  of  the  higher  plants.  I  have  sometimes  speculated 
whether  there  did  not  exist  somewhere  during  long  ages  an  extremely  isolated 
continent,  perhaps  near  the  South  Pole.”  ^  The  origin  of  the  higher  plants  is  still  an 
unsolved  problem,  but  knowledge  acquired  since  1881,  the  date  of  Darwin’s  letter, 
renders  it  difficult  to  escape  from  the  conclusion  that  the  ancient  continent  of 
Gondwana  extended  to  within  a  short  distance  of  the  South  Pole  or  even  to  the  Pole 
itself,  whether  as  a  continuous  continent  or  as  an  archipelago  of  islands  cannot  be 
determined.  Meagre  as  it  is,  the  material  collected  by  the  Polar  Party  calls  up  a 
picture  of  an  Antarctic  land  on  which  it  is  reasonable  to  believe  were  evolved  the 
elements  of  a  new  flora  that  spread  in  diverging  lines  over  a  Palaeozoic  continent, 
the  (lisjancta  memhra  of  which  have  long  ])een  added  to  other  land-masses  where  are 
preserved  both  the  relics  of  the  southern  fiora  and  of  that  which  had  its  birth  in  the 
north. 

Dr.  W.  T.  Blanford,^  who  was  one  of  the  first  to  grasp  the  importance  of  the 
({uestions  raised  ])y  the  geographical  distrilmtion  of  the  Glossopteris  fiora,  expressed 
the  view  that  an  Antarctic  continent  was  the  original  area  of  development  of  many 
plants.  The  same  opinion  has  been  offered  by  subsequent  writers,  and  in  1897  I 
wrote  :  “  There  is  not  wanting  evidence  in  fiivour  of  the  Glosrojiteris  flora  having  been 
first  differentiated  in  an  Antarctic  continent  towards  the  close  of  the  C’arboniferous 
epoch.”®  The  discovery  of  Glorsopteris  on  the  Buckley  Island  moraine  supplies  what  is 
needed  to  bring  hypothesis  within  the  range  of  established  fact. 

In  his  sketch-map  of  the  Antarctic  regions,  NordenskjohP  shows  the  position  of  a 


^  Suess  (08).  ^  Nordenskjold  (13). 

^  Life  and  Letters  of  Charles  Darwin,  Yol.  Ill,  p.  248,  London,  1887. 

*  Blanford  (84)  ;  see  also  Zeiller  (97). 

“  Seward  (97),  p.  33G.  “  Nordenskjold  (13). 
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MAP  C. The  Antarctic  Regions,  being  a  simplified  form  of  the  map  published  by  Messrs.  Stanford.  The  dotted  line  connecting  South  America  with  Graham  Land 

is  taken  from  a  map  published  by  Dr.  Nordenskjold  in  1913. 
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possible  coiiiiectiiig  l)ii(lge  between  Antarctica  and  South  America.  This  is  indicated 
l)y  the  ])r(.)ken  line  on  Map  C,  extending  from  the  Southern  Andes  through  South 
(Georgia  Island,  and  then  sweeping  back  through  the  South  Orkney  islands  and  the 
South  Shetland  group  to  Oraliam  Laud.  The  position  of  the  contour-line  of  shallower 
soundings  (see  IMap  C)  accords  with  this  view. 

It  must  be  left  to  others  to  deal  more  fully  and  with  first-hand  knowledge  with 
tlie  geological  problems  suggested  by  the  discovery  of  Glossopteris  in  South  Victoria 
Land.  Mr.  Oritiith  TayloL  has  called  attention  to  resemblances  between  the  eastern 
side  of  Australia  and  Victoria  Land,  and  in  the  structure  of  South  Africa  there  are 
points  of  c(jntact  with  the  polar  area.  It  is  by  a  comparative  study,  in  the  light  of 
recently  ac(|uired  data,  of  the  southern  extremities  of  South  America,  South  Africa, 
and  Australia,  and  what  remains  of  the  continent  within  the  Antarctic  circle,  that 
progress  may  l)e  expected  towards  a  better  understanding  of  the  geographical  and 
geological  problems  of  Antarctica. 

The  heroic  efforts  of  the  Polar  Party  were  not  in  vain.  They  have  laid  a  solid 
foundation  ;  their  success  raises  hope  for  the  future,  and  will  stimulate  their  successors 
to  provide  material  for  the  superstructure. 


*  Scott’s  Last  Expedition,  Vol.  II,  p.  417. 
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PLATE  I. 

Fig.  1. — Carbonised  pieces  of  stem  from  the  Priestley  Glacier.  Specimen  A.  nat.  size. 
Fig.  2. — Carbonised  wood.  Specimen  B.  Priestley  Glacier.  Nat.  size. 

Fig.  3. — Portion  of  a  stem.  Specimen  C.  Buckley  Island.  Nat.  size. 
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Brit,  Antarctic  (Terra Nova)  Exped.  1910. 
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Figs  1,2,  Pieces  of  stems  from  the  Priestly  Glacier. 
Fig.  3,  Stem  from  Botcldey  Island. 
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PLATE  IT. 


Fig.  4. — Section  of  a  piece  of  wood  from  Buckley  Island.  Specimen  D. 

Fig.  5. — Section  of  vi^ood  from  Buckley  Island  with  structure  almost  obliterated.  Specimen  1). 

Fig.  6. — Section  of  a  piece  of  wood  partially  converted  into  impure  bituminous  “  coal  ”  resembling  jet,  froni 
the  Priestley  Glacier.  Specimen  E. 

Fig.  7. — Part  of  the  same  section  more  highly  magnified. 

Fig.  8. — Fragments  of  fronds  of  Glossopteris  indica,  and  at  V  a  piece  of  an  axis  doubtfullj-  referred  to 
Veriehraria.  From  Buckley  Island.  Hat.  size. 
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Figs.  4,  5, 
6, 7, 
.Fig.  8, 


Sections  of  wood  from  Buckley  Island. 
Sections  of  wood  from  the  Priestly  Glacier 
Glossopteris,  from  Bucklej^  Island. 


PLATE  III. 

Figs.  9,  9a. — Glossopteris  indica  ScJiimp.,  drawn  from  a  piece  shown  in  Fig.  8,  PL  II.  Fig. 
Fig.  9a.  X  2. 

Figs.  10,  10a. — Probably  a  piece  of  Vertehrojria  ;  shown  at  V  in  Fig.  8,  PL  II.  Fig.  10a.  x 
Figs.  11-14. — Glossopteris  indica  var.  Wilsoni,  var.  nov.,  from  Buckley  Island.  The  enlarg 
are  all  twice  natural  size. 

Fig.  15. — 1  Vertebraria.  From  Buckley  Island.  Nat.  size. 

Figs.  16,  16a.— ^Possibly  a  fragment  of  a  small  scale-leaf  of  Glossopteris.  Pig.  16a.  X  2. 

Figs.  17,  17a. — ?  Scale-leaf  of  Glossopteris,  from  Buckley  Island.  Fig.  17a.  x  2. 
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Brit,  Antarctic  (Terra Nova)  Exped.  1910. 
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Figs  9,9a.,  Glossopteris  indica  Schimp. 

10, 10a, 15,  ?Vertebraria  sp. 

11-14,  Glossopteris  indica  Van  Wilsoni. 
16, IZ  ^  Scale  leaves  of  Glossopteris. 


T,  A. Brock,  del 


PLATE  IV. — Anfarcticoxyhn  Priestleyi,  gen.  et  spec.  nov. 

Figs.  18,  18a. — Horizontal  surface-view  and  tangential  view  respectively  of  a  piece  of  the  stem,  natural 
size  :  a,  n,  leaf- traces  ;  h,  h,  light  hands  following  the  course  of  a  ring  of  growth. 

Fig.  19. — Surface-view  of  a  piece  of  the  stem  showing  two  light  hands  corresponding  in  position  to  the  two 
broad  leaf-trace  gaps  seen  at  a,  a,  in  Fig.  23. 

Fig.  20. — Radial  section ;  c,  line  of  fracture  where  the  tissues  are  faulted  ;  at  d  the  junction  is  shown 

between  a  leaf -trace  and  the  secondary  wood  ;  p,  pith ;  the  junction  of  the  trace,  seen  at  e,  with 

the  secondary  wood  is  shown  in  Fig.  34,  PI.  VI.  Section  I. 

Fig.  21. — Transverse  section,  natural  size.  T  a  broad  space  in  the  outer  part  of  the  course  of  a  leaf -trace 
corresponding  to  a,  a,  in  Figs.  18  and  19;  I,  leaf-trace;  I”,  po.sition  of  leaf -trace  enlarged 
in  Fig.  38,  PI.  Section  C. 

Fig.  22. — The  horizontal  surface  of  the  block  shown  in  Fig.  19;  the  black  border  on  the  lower  edge 

represents  the  foreshortened  side  of  the  block.  I,  I",  leaf-traces.  Nat.  size. 

Fig.  23. — Transverse  section,  showing  leaf-traces  I,  I'  ;  a,  a,  broad  outer  portions  of  leaf-trace  tracks. 
/.  position  of  leaf-trace  shown  on  a  larger  scale  in  Fig.  42,  PI.  VII.  Section  D,  x  2. 

Fig.  24. — Central  part  of  Fig.  23  showing  rings  of  growth,  pith,  and  leaf-traces.  Section  D,  X  G. 

Fig.  25. — Transverse  section,  showing  leaf-trace  a,  I,  and  one  of  the  broad  light  bands,  b,  b,  in  the  xylem. 
Section  B,  x  8. 
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PLATE  V. — Antarcticoxylon  Priestleyi. 


Figs.  26,  27. — Transverse  sections,  showing  a  broad  ring  of  growth  (Fig.  26)  and  one 
(Fig.  27)  formed  in  part  by  the  destruction  of  secondary  wood.  Section  C. 
Fig.  28.^ — Secondary  xylem,  with  medullary  rays  represented  by  spaces.  Section  D. 
Fig.  29. — Tangential  section  of  the  secondary  xylem.  Section  H. 

Figs.  30,  31. — Spiral  tracheids  in  the  pith.  Section  G. 
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PLATE  Yl.—Antarcticoxylon  Priestleyi. 


Fig.  32. — Tangential  section  of  the  secondary  xylem.  Section  I. 

Fig.  33. — Radial  section  of  the  secondary  wood  showing  imperfectly  preserved  pits.  Section  I. 

Fig.  34. — Longitudinal  section,  showing  a  leaf -trace  joined  below  to  the  secondary  xylem  ;  f,  .short  tracheids. 
Section  I. 

Fig.  35. — Pith  in  longitudinal  .section.  Section  G. 

Fig.  36. — Radial  section  of  secondary  wood  showing  a  double  row  of  pits.  Section  I. 

Fig.  37. — -Branched  leaf-trace  accompanied  by  parenchyma,  yjr.,  and  joined  below  to  the  secondary  wood. 
Section  F. 
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PLATE  VII. — Antarcticoxylon  Priestleyi. 


Eic4.  38. — Leaf-trace  from  I  in  Fig.  21,  PI.  IV.  Section  C. 

Fig.  39. — Parenchyma  in  the  neighbourhood  of  the  trace  shown  in  Fig.  38.  Gf.  Fig.  45*,  PI.  VIII. 

Fig.  40. — Leaf-trace  strands  with  crushed  parenchyma  and,  on  the  right  hand  side  edge,  secondary  wood. 
Section  F. 

Fig.  41. — Leaf-trace  xylem  strand  in  the  pith.  Section  E. 

Fig.  42. — Leaf -trace  from  /,  Fig.  23,  PI.  IV.  Section  D. 

Fig.  43. — Short  tracheids  in  close  association  with  long  spiral  tracheids  in  the  pith.  Section  E. 
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PLATE  VITI. — Antarciicoxylon  Priestleyi  and  (Fig.  45)  Pityosporites  antarcticus. 

Fig.  44. — Transverse  section  showing  part  of  the  xylem  tissue  at  the  edge  of  the  pith ;  x',  x',  crushed 
primary  xylem  ;  a,  small  tracheids  simulating  protoxylem.  Section  N. 

Fig.  45. — Pityosporites  antarcticus.  From  the  pith  of  the  Antarciicoxylon  stem,  shown  in  Fig.  46  at  s. 
Section  N. 

Fig.  45*. — Branched  cell  in  the  pith ;  s,  part  of  the  contents  of  some  secretory  cells.  Section  G. 

Fig.  46. — Part  of  the  pith ;  the  pollen-gi’ain  was  found  at  s,  just  outside  the  figured  area,  near  one  end  of 
the  long  axis  of  the  pith.  Section  N. 

Fig.  47. — A  leaf-trace  in  longitudinal  section,  approximately  1  mm.  broad.  Section  P. 

Fig.  48. — A  portion  of  one  of  the  broad  light  bands,  b,  in  the  secondary  xylem  (cf.  Fig.  27,  PI.  V.)  showing 
partially  decayed  xylem  connecting  the  two  sides  of  the  band.  Section  O. 

Fig.  49.^ — A  portion  of  the  secondary  xylem  bordering  the  pith  ;  px,  probable  position  of  the  protoxylem  ; 
x^,  displaced  secondary  tracheids.  Section  N. 
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FISH-REMAINS  FROM  THE  UPPER  OLD  RED 
SANDSTONE  OF  GRANITE  HARBOUR, 

ANTARCTICA. 


’  By  ARTHUR  SMITH  WOODWARD,  LL.D.,  F.R.S. 


WITH  ONE  PLATE. 


The  fish-remains  discovered  l)y  Mr.  Frank  Debenliam  in  the  “  Beacon  Sandstone  ”  of 
Granite  Harbour,  are  merely  dermal  plates  and  scales.  They  are  all  isolated  and 
scattered,  showing  that  the  fishes  they  represent  were  disintegrated  before  burial  ; 
but  the  fragments  are  beautifully  preserved,  and  in  transparent  sections  their  histological 
structure  is  perfectly  observable.  They  are  very  little  mineralised,  and  the  cavities,  at 
least  in  weathered  portions,  are  often  empty.  The  specimens  are  usually  conspicuous  as 
whitish  or  bluish-grey  patches  on  the  grey  or  blackish  rock,  though  a  few  are  darkly 
stained. 

Sub-Class  OSTRACODERMI. 

Okder  ANTTARCHI. 

Numerous  typical  fragments  of  the  dermal  armour  of  Ostracoderms  are  easily 
recognisable,  and  all  appear  to  belong  to  the  Order  Antiarchi.  Some  are  not  sufficiently 
characteristic  or  well-preserved  for  exact  determination,  but  others  may  be  referred  at 
least  to  their  respective  genera  without  much  hesitation. 

Seven  portions  of  keeled  plates  of  uncertain  outline,  besides  other  fragments,  exhibit 
the  peculiar  structure  of  Antiarchan  armour — an  outer  dense  tuberculated  layer,  a 
middle  thick  layer  of  cancellse,  and  an  inner  thin  layer  of  parallel  laminae.  One  of  these 
specimens,  P.  12535*'  (Fig.  1),  which  has  lost  much  of  its  tissue  both  externally  and 
internally,  shows  a  thickening  in  the  middle  of  the  cancellated  layer  in  the  hollow  of  the 
keel  and  an  arrangement  of  the  cancellae  in  roughly  transverse  lines,  evidently  to  strengthen 
the  plate  at  the  bend.  When  viewed  in  cross-section  (Fig.  1a)  the  cancellae  ap]3ear  to  be 
very  variable  and  irregular  in  size,  and  as  seen  under  the  microscope  the  walls  between 

*  The  numbers  refer  to  the  Register  Pisces  of  the  Department  of  Geology. 
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them  are  comparatively  thin,  consisting  of  a  few  delicate  parallel  laminae.  In  another 
specimen  (P.  12536)  the  walls  between  the  cancellae  are  relatively  thicker,  and  there  are 
traces  of  bone-cells  between  the  laminae.  In  a  third  specimen  (P.  12537)  embedded  in 
hard  rock,  the  cavities  are  infiltrated  with  calcite  and  the  bone  is  too  darkly  stained  to 
be  clear,  but  all  the  layers  of  the  shield  are  distinctly  recognisable  (Fig.  2)  m  their 
characteristic  arrangement.  Below  the  thin  dense  outer  layer,  which  rises  at  intervals 
into  rounded  tubercles,  there  is  a  zone  of  small  cancellae  with  relatively  thick  walls  ; 
below  this  is  a  zone  of  larger  cancellae  with  delicate  walls  ;  and  finally  there  is  a  thin  inner 
or  basement  layer  of  parallel  laminae.  Traces  of  bone-cells  are  seen  between  the  laminae 
of  the  plate  throughout.  A  similar  arrangement  of  the  successive  layers  of  the 
shield  is  also  well  shown  in  the  broken  section  of  another  fragmentary  specimen 
(P.  12538). 

Bothriolepis  antarctica,  sp.  nov.  Figs.  3-9. 

The  structure  of  the  two  Ostracoderm  plates  last  described  agrees  most  closely 
with  that  of  Bothriolepis,*  and  several  fragments  in  the  collection  may  certainly  be 
referred  to  this  genus. f  They  include  both  parts  of  the  head  and  trunk  and  plates  of 
the  appendages. 

A  right  lateral  occipital  plate  (P.  12543)  is  nearly  complete,  and  shovm  of  twice  the 
natural  size  in  Fig.  3.  The  greater  part  of  the  corresponding  plate  of  the  opposite  side 
is  also  preserved  on  another  piece  of  rock  (P.  12544).  It  is  a  little  wider  than  long,  the 
maximum  width  being  about  11  mm.,  while  its  maximum  length  is  9 ‘5  mm.  ;  and  its 
anterior  margin  is  angulated  somewhat  nearer  to  the  external  than  to  the  internal  margin. 
Its  outer  face  is  completely  coveretl  with  an  ornament  of  coarse  rounded  tubercles, 
which  are  united  into  a  network  by  lower  rounded  ridges  ;  and  the  stronger  of  these  ridges 
tend  to  form  transverse  lines  on  the  antero-external  part  of  the  plate.  A  groove  for  a 
slime-canal  {1),  close  to  and  nearly  parallel  with  the  external  inargin,  is  seen  in  the  slightly 
l)roken  postero-external  part.  As  this  groove  does  not  run  into  a  transverse  groove,  or 
commissure,  but  merely  passes  out  at  the  posterior  margin,  the  arrangement  corresponds 
with  that  of  Bothriolepis  and  differs  from  that  observed  both  in  Asterolepis  and 
Pterichfhys. 

An  impression  of  the  outer  face  of  a  left  anterior  ventro-lateral  plate  of  the  trunk 
(Fig.  4)  is  only  imperfect  near  the  median  border  and  just  above  the  articulation  for  the 
appendage  (P.  12545).  Its  maximum  length  is  18  mm.,  the  maximum  width  of  the 
horizontal  lamina  is  8  mm.,  and  the  maximum  depth -of  the  ascending  lamina  is  4  mm. 
The  plate  is  shown  to  have  l)een  completely  covered  with  reticulated  ridges,  producing 
a  coarse  ornament  of  pits,  which  only  exhibit  a  tendency  to  arrangement  in  lines  close 
to  and  concentric  with  the  anterior  margin.  The  low  lateral  ascending  lamina  is  inclined 

*  For  tlie  most  exhaustive  account  of  Bothriolepis,  see  R.  H.  Traquair,  “  Fishes  Old  Red  Sandst. 
Britain”  (Pal.  Soc.  1901,  1906),  pp.  107-131,  with  plates. 

t  E.  8.  Goodrich,  in  Lankester’s  “  Treatise  on  Zoology,”  Part  IX  (1909),  p.  206,  fig.  180. 
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outwards,  making  an  angle  greater  than  a  right-angle  with  the  horizontal  lamina  ;  and 
its  upper  border  bears  the  mark  of  the  narrow  overlap  of  the  anterior  dorso-lateral  plate. 
The  articnlation  for  the  appendage,  seen  in  cross-section  {cir),  is  within  the  anterior  third 
of  the  plate.  The  anterior  margin  of  the  horizontal  lamina  has  a  forwardly  convex 
curvature,  and  the  antero-median  angle  of  the  plate  is  sharply  truncated  where  it  adjoins 
the  semilunar.  The  upper  margin  of  the  ascending  lamina  curves  downwards  to  meet 
the  posterior  margin  of  the  horizontal  lamina  in  an  obtuse  angle. 

The  outward  inclination  of  the  ascending  lamina  of  the  plate  just  described,  and 
the  inferred  shape  of  the  semilunar,  are  distinctive  characters  of  Botiiriole-pis  ;  while 
the  external  ornament  is  that  usual  in  tliis  genus. 

Remains"  of  the  articular  portion  of  a  larger  right  anterior  ventro-lateral  jjlate 
(P.  12546)  also  show  a  characteristic  feature  of  Bothriolejns.  The  specimen  (Fig.  5)  is 
so  much  fractured  that  it  is  not  easily  interpreted,  but  by  direct  comparison  with  the 
front  half  of  a  right  anterior  ventro-lateral  plate  of  Bothriolepis  major  in  the  British 
Museum  (No.  P.  8282ft)  the  parts  can  be  recognised.  The  wide  rounded  groove  {(j) 
to  accommodate  the  dorsal  articular  plate  of  the^  appendage,  is  overhung  l)y  a  mass  of 
cancellated  tissue  {t)  in  which  the  rather  large  chambers  are  elongated  and  arranged  in 
lines  at  right-angles  to  the  articular  face.  This  mass  is  exposed  in  a  transverse  section, 
which  also  cuts  across  the  inner  continuation  of  the  canal  (c)  penetrating  the  articular 
prominence.  Round,  below,  and  internal  to  the  canal,  the  tissue  becomes  very  finely 
cancellous,  and  some  of  it  is  darkly  stained  in  the  fossil.  So  far  as  preserved,  the  coarsely 
cancellated  mass  of  tissue  above  the  articulation  is  exactly  similar  to  that  of  Botliriolepis , 
while  differing  from  the  denser  and  smaller  mass  in  Pterichthys  and  Asterolepis. 

A  left  posterior  ventro-lateral  plate  (P.  12547),  with  a  maximum  width  of  21  mm. 
and  a  total  length  of  not  less  than  50  mm.,  is  preserved  in  counterpart  and  variously 
fractured  to  expose  the  different  layers  of  which  it  consists  (Figs.  6,  6a).  Part  of  the 
outer  face  shows  the  reticulate  ridges  producing  the  characteristic  coarse  pitted  ornament. 
Below  this  are  traces  of  the  layer  of  polygonal  chambers,  resting  on  the  very  thin  layer 
of  fine  parallel  calcified  ridges  which  run  obliquely  backwards  from  the  internal  or  median 
margin  to  the  external  or  lateral  margin  of  the  plate.  Below  this  again  the  inner  face 
is  formed  by  the  laminated  nacreous  layer.  As  iu  the  typical  Botlinolepis,  tlie  ascending 
lateral  lamina  is  inclined  at  slightly  more  than  a  right-angle  to  the  horizontal  lamina. 
The  truncation  of  the  antero-internal  angle  of  the  horizontal  lamina  indicates  the  presence 
of  a  large  diamond-shaped  median  ventral  plate  ;  but  the  margins  are  imperfect. 

Part  of  another  left  posterior  ventro-lateral  plate  (P.  12548)  also  shows  the  ascending 
lateral  lamina  inclined  as  in  Bothriolepis.  The  broken  sections  of  the  specimen  exhibit 
all  the  characteristic  features  of  Antiarchan  armour. 

A  crushed  left  ventral  articular  plate  of  an  appendage  (P.  12549)  is  exposed  from  the 
inner  face  and  displays  the  characteristic  shape  and  texture  of  the  proximal  end,  which 
measures  about  10  mm.  across  (Fig.  7).  This  rounded  end  consists,  as  usual,  of  a  close 
series  of  fine  laminse  nearly  parallel  with  the  long  axis  of  the  bone  and  united  by  cross- 
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structures.  Below  this  articular  portion  the  inner  margin  is  sharply  notched.  The 
other  margins  are  incomplete. 

An  impression  of  the  inner  face  of  another  articular  plate  of  an  appendage,  of  about 
the  same  size,  exhibits  two  strongly  marked  ridges,  one  extending  transversely  below 
the  rounded  head,  the  other  passing  downwards  from  this  along  the  vertical  median 
line.  This  specimen  (P.  12550)  may  represent  the  dorsal  articular  jjlate,  but  the 
determination  is  uncertain. 

The  distal  portion  of  a  left  ventral  anconeal  plate  of  an  appendage  (P.  12551)  is 
shown  from  within  in  direct  articulation  with  the  adjoinmg  part  of  the  external  marginal 
(Fig.  8).  An  impression  of  the  outer  face  of  the  anconeal  plate  («)  proximal  to  the 
piece  preserved,  proves  that  it  was  ornamented  externally  by  coarse  longitudinal  ridges, 
with  a  few  irregular  cross-ridges,  producing  a  reticulated  ornament.  The  large  rormded 
distal  end,  which  formed  the  movable  articulation  for  the  terminal  segment  of  the 
appendage,  consists  of  fine  parallel  plates  or  fibres  which  rim  obliquely  backwards  and 
outwards.  It  measures  6  mm.  in  extreme  width.  The  external  marginal  {m)  is  frmged 
along  the  outer  border  with  a  row  of  large  tubercles,  which  are  appai>ently  uniform  in 
size  and  spacing.  Its  width  at  the  distal  end  is  3 ‘5  mm.  The  external  ornament 
appears  sufficient  to  justify  the  reference  of  this  specimen  to  Botliriolepis. 

A  proximal  external  marginal  of  the  distal  segment  of  an  appendage  (P.  12552) 
lacks  only  its  distal  end  (Fig.  9).  Its  maximum  ividth  at  the  proximal  end  is  5' 5  mm., 
and  its  total  length  would  be  about  17  mm.  At  the  obliquely  truncated  proximal  end 
of  the  plate  the  finely  cancellated  tissue  of  the  overlapped  portion  is  preserved,  but  the 
other  portion  is  shown  only  in  impression.  The  outer  face  is  clearly  marked  by  a  few 

irregular  longitudinal  ridges,  while  the  exteino-lateral  border  bears  a  row  of  large  blunt 

^  • 

tubercles.  The  ridged  ornament  is  characteristic  of  Botliriolepis,  the  corresponding 
part  in  Ptericlitliys  and  Asterolejns  being  tnbercnlated. 

The  plates  of  Botliriolepis  thus  described  obviously  belong  to  spechnens  of  various 
sizes.  The  anterior  ventro-lateral  plate  (Fig.  4),  for  example,  is  too  small  to  belong 
to  the  same  individual  as  the  posterior  ventro-lateral  plate  (Fig.  6).  There  is,  however, 
no  reason  why  they  should  not  all  belong  to  one  species,  and  they  may  be  provisionally 
so  regarded.  The  shape  of  the  lateral  occipital  plate  (Fig.  3),  with  its  sharply  angulated 
anterior  margin,  is  a  little  different  from  that  in  the  head  of  any  species  of  Botliriolepis 
hitherto  known.  It  therefore  probably  represents  a  new  species,  which  may  be  named 
B.  antarcticd. 

Bgssacantlioides  dehenliaini,  gen.  et  sp.  nov.  Figs.  10,  11. 

Some  fragments  of  a  ribbed  spine  exhibit  much  superficial  resemblance  to  Onclius, 
but  are  readily  distinguished  by  their  microscopical  structure.  They  are,  indeed, 
most  nearly  similar  to  the  spine  on  the  posterior  dorsal  plate  of  the  Antiarchan 
( fstracoderm ,  B gssacanthus A 


*  A.  S.  AVoodWarcl,  Ann.  Mag.  Nat.  Hist.  [6],  Vol  XV  (1895),  p.  142,  with  toxt-hg. 
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The  largest  specimen  (P.  12553),  which  is  sharply  broken  at  each  end,  measures 
1  cm.  in  length  and  maintains  an  approximately  imiform  diameter  of  2  mm.  It  is 
round  in  cross-section,  and  the  irregular  longitudinal  fracture  of  the  specimen  exposes 
a  large  internal  cavity  filled  with  matrix  (Fig.  10).  The  outer  face  is  marked  with  fine, 
smooth,  straight,  longitudinal  ribs,  which  are  closely  arranged  and  jDarallel,  rarely 
intercalated. 

The  superficial  longitudinal  ribs  appear  to  be  the  outer  edges  of  thin  wedge-shaped 
radiating  plates  of  which  the  tissue  of  the  sjDine  is  composed.  These  are  still  better 
seen  in  another  fragment  (P.  12555),  which  is  weathered  ;  and  their  structure  is 
perfectly  preserved  in  a  third  specimen  (P.  12554),  which  is  sufficiently  hard  to  be 
studied  in  microscopical  section  (Fig.  11). 

The  outer  layer  of  the  spine  (o),  when  viewed  in  transverse  section,  is  seen  to  be 
denser  than  the  rest  of  the  tissue,  but  it  appears  to  be  partly  removed  in  the  specimen 
figured.  It  contains  irregular  vascular  spaces,  and  the  tissue  itself  is  traversed  l)y 
a  network  of  extremely  fine  irregular  tubules,  occasionally  expanded  into  spaces  which 
may  have  been  occupied  by  bone-cells.  The  zone  of  wedge-shaped  plates  {w)  is  sharply 
marked  off  from  this  outer  layer,  and  forms  the  greater  part  of  the  thickness  of  the 
side  of  the  spine,  but  is  much  reduced  in  the  anterior  middle  portion.  Each  wedge  is 
separated  from  its  fellow  by  extensive  but  irregular  vascular  spaces,  and  its  tissue 
in  transverse  section  is  seen  to  be  not  only  traversed  by  the  network  of  very  fine  tubules 
already  noted  in  the  outer  layer,  l;)ut  is  also  marked  l)y  a  few  dark  transverse  bands 
which  are  nearly  parallel  with  the  outer  face.  The  zone  of  wedge-shaped  plates  is  also 
sharply  marked  off  by  a  dark  line  from  the  inner  layer  {i),  which  is  thickest  in  the  middle 
part  of  the  spine  and  is  traversed  by  very  large  and  irregular  vascular  spaces,  which 
are  seen  to  communicate  with  the  pulp-cavity  (p).  The  tissue  of  this  layer  again  is 
traversed  by  a  network  of  extremely  fine  tubuli,  and  each  wall  between  the  vascular 
spaces  is  darkest  or  densest  in  its  middle  portion. 

In  the  fragment  from  which  the  microscope-section  has  been  prepared,  the  pulp- 
cavity  is  widely  open  behind,  and  the  spine  does  not  appear  to  have  been  bilaterally 
symmetrical.  It  is  therefore  presumably  from  the  base  of  a  spine  which  differs 
considerably  from  that  of  Byssacanthus ,  where  the  lower  end  is  completely  closed.  In 
transverse  section,  however,  the  new  specimen  agrees  remarkably  well  with  the  spine 
of  Byssacanthus  in  the  appearance  of  the  three  layers  of  which  it  is  composed  ;  and  it 
differs  completely  from  that  of  Onchus,  in  which  there  are  no  wedge-shaped  plates, 
while  the  inner  layer  is  dense  and  to  some  extent  finely  laminated.'*  Onchus,  it  may  be 
added,  is  also  typically  Elasmobranch  in  exhibiting  no  trace  of  l)one-cells.  The  spine 
which  is  so  imperfectly  known,  therefore,  probably  represents  a  new  Antiarchan 
genus,  Byssacayitlioides,  and  the  species  may  be  named  debenhami,  in  honour  of  its 
discoverer. 


*  J.  V.  Rohon,  Mem.  Acad.  Imp.  Sci.  St.  Petersb.  [7],  Vol.  XLI,  No.  5  (1893),  p.  42,  fig.  9. 
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Sub-Class  ELASMOBRANCHII. 

Order  ACANTHODII. 

Cheiracantlius,  sp.  Fig.  12. 

Two  isolated  scales  are  evidently  Acantliodian,  and  so  closely  similar  to  those  of 
the  typical  Cheiracantlius  murchisoni  from  the  Middle  Old  Red  Sandstone  of  Scotland, 
that  they  may  be  provisionally  referred  to  the  same  genus.  The  best -preserved  specimen 
(P.  12576)  is  shown  to  be  square  and  slightly  more  than  a  millimetre  in  diameter  (Fig.  12). 
Its  outer  face  is  shiny,  and  a  close  series  of  fine,  regular,  nearly  parallel  grooves  extends 
diagonally  across  two-thirds  of  this  face  from  the  two  posteriorly  directed  borders,  which 
are  distinctly  bevelled,  but  not  crimped  or  serrated.  '  The  second  specimen,  though  more 
imperfect,  is  evidently  similar. 

Acanthodian  scales^  are  also  recognisable  in  microscope-slides  of  the  rock,  and  a 
characteristic  specimen  in  transverse  section  (P.  12559)  is  shown  in  Fig.  13.  The  outer 
face  of  this  scale  is  flat,  and  one  end  is  produced  considerably  beyond  the  supporting  base. 
The  deep  exserted  portion  exhibits  well  its  concentric  laminated  structure,  traversed  in 
places  by  a  few  irregular  branching  canaliculi.  The  shape  of  the  comparatively  small 
rounded  l)ase,  which  was  originally  inserted  in  the  skin,  is  also  distmct ;  but  its  structure 
is  ol)scured  by  a  dense  stain  of  mineral  matter.  As  usual,  there  is  no  pulp-cavity. 

Order  SF.LACHII  (?). 

Dermal  tubercles.  Figs.  14-22. 

Minute  fragments  of  dermal  armour  are  scattered  abundantly  through  various 
specimens  of  the  rode,  but  most  of  them  are  shown  only  in  broken  section  and  so  cannot 
easily  be  identified.  Some  are  evidently  fragments  of  dermal  plates  or  scales,  but  the 
majority  seem  to  be  shagreen-granules  referable  either  to  primitive  Ostracoderms  or  to 
Elasmobranchs. 

Some  granules  of  various  shapes  exhibit  a  relatively  large  pulp-cavity.  The  broken 
transverse  section  of  an  oval  specimen  (Fig.  14)  bears  a  trace  of  three  prominences  or 
flutings  on  one.  side  (P.  12589).  A  Similar  section  of  a  smaller  rhombic  specimen  (Fig.  15) 
exhibits  a  fluting  or  sinuosity  on  two  contiguous  sides  .(P.  12561).  Another  specimen 
appears  in  transverse  section  (Fig.  16)  as  an  irregular  elongated  rhomb  (P.  12590).  A 
fourth  speciinen,  apparently  in  vertical  section  (Fig.  17),  rises  to  an  acute  apex,  which  is 
nearer  to  one  margin  than  to  the  other  (P.  12563).  Another  specimen  which  seems  to 
be  similarly  displayed  (Fig.  18)  is  low  and  flattened. 

The  majority  of  the  shagreen-granules  are  solid,  and  in  section  exhibit  only  a  slight 
trace  of  the  obliterated  pulp-cavity.  Several  occurring  in  a  group  on  one  piece  of  rock 

*  See  0.  M.  Reis,  “  Ueber  AcoH^/ior/es  Bronni  Agassiz,”  Schwalbe's  Morphol.  Arbeiten,  Yol.  VI  (1896). 
p.  184,  PI.  VII,  fig.  2  ;  also  E.  S.  Goodrich,  in  Lankester’s  “  Treatise  on  Zoology,”  Part  IX  (]9<I9\.  p.l88, 
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(P.  12561)  are  shown  enlarged  in  Fig.  19.  Though  irregular  in  shape,  most  of 
them  approach  a  quadrangular  form  with  variously  indented  sides.  The  last 
trace  of  the  pulp-cavity  is  sometimes  observable,  sometimes  it  is  marked  by  a 
slight  stain. 

In  the  same  group  is  the  only  specimen  which  appears  to  exhibit  the  external  face. 
It  is  smooth  and  crossed  by  two  shallow  parallel  grooves  which  divide  it  into  a  large 
median  lobe  and  two  comparatively  small  lateral  lobes  (Fig.  20).  This  suggests  a 
compound  granule,  such  as  occurs  in  the  Upper  Devonian  Cladoselache^  and  in  many  of 
the  early  Selachians. 

It  is  difhcult  to  prepare  sections  of  these  fossils,  but  in  one  microscope-slide 
(P.  12562)  there 'are  two  granules  evidently  produced  by  the  fusion  of  cusps.  The  best 
of  these  (Fig.  21)  shows  a  small  expanded  base  surmounted  by  two  cusps,  which  are 
fused  together  for  some  distance,  and  then  diverge  in  two  planes  at  the  apex  so  that 
the  section  is  incomplete.  A  third  and  smaller  cusp,  doubtless  fixed  to  the  same  base, 
is  seen  at  one  side.  The  microscopic  structure  is  typically  Elasmobranch,  each  large 
cusp  showing  a  trace  of  an  original  pulp-cavity  from  which  fine  calcigerous  tubes  radiate 
to  the  periphery,  while  coarser  tubes  diverge  into  the  upper  part  of  the  base,  and  the 
lower  part  of  the  base  exhibits  only  a  concentric  structure.  The  second  specimen 
(Fig. .22)  seems  to  be  cut  in  more  oblique  section,  so  that  the  expanded  base  is  relatively 
large  and  the  four  constituent  cusps  are  less  well  separated.  The  structure  is  again 
seen  to  be  typically  Elasmobranch,  but  that  of  the  base  is  somewhat  obscured  by  a 
dark  mineral  stain. 


Sub-Class  DIPNOI. 

Order  ARTHRODIRA. 

Undetermined  Coccostean.  Figs.  23,  24. 

Remains  of  Coccostean  dermal  plates  occur,  but  all  are  too  fragmentary  for  generic 
determination.  The  largest  specimen  (P.  12563)  is  shown,  slightly  enlarged,  in  Fig.  23, 
with  part  of  the  ornament  further  enlarged  in  Fig.  23a.  It  is  a  thin  flat  plate  embedded 
in  hard  dark  shale,  but  its  shape  is  uncertain,  only  part  of  one  margin  being  clearly 
distinguishable.  This  margin  seems  to  have  been  thickened  throughout  its  extent  by 
a  broad  rounded  ridge,  of  which  a  fragment  remains  at  its  convex  bend  (r).  The  outer 
face  of  the  plate  is  closely  ornamented  with  stellate  tubercles,  which  are  nearly  uniform 
in  size  but  somewhat  variable  in  shape,  though  all  tending  to  be  bluntly  pointed.  They 
are  continued  over  the  rounded  marginal  ridge,  where  their  broken  transverse  sections 
exhibit  a  very  small  pulp-cavity. 

A  second  fragment  in  black  shale  (P.  12564)  is  of  a  bent  or  ridged  plate,  also  closely 
and  coarsely  ornamented  with  stellate  tubercles  (Fig.  24).  It  is  exposed  from  within. 


B.  Dean,  Mem.  Amer.  Mus.  Nat.  Hist.,  Vol.  IX  (1909),  p.  214,  figs.  1-3. 
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and  so  broken  as  to  display  tke  main  trabeculse  of  the  middle  layer  of  the  plate  extending 
at  right-angles  across  the  angulation. 

A  smaller  plate  (P.  12565)  in  the  grey  sandstone,  also  ornamented  with  large  blmitly- 
pointed  tubercles,  has  a  gently  convex  outer  border  and  an  obtusely  angulated  inner 
border,  suggestive  of  one  of  the  paired  ventral  plates  of  the  trunk.  'Where  the  outer 
surface  is  broken  away,  the  fine  longitudinal  trabecula3  of  the  mner  tissue  are 
exposed. 

Another  fragmentary  mass  of  coarsely  fibrous  tissue  (P.  12566)  in  the  grey  sandstone, 
^s  also  almost  certainly  Coccostean,  and  indicates  a  thicker  plate  than  the  specimens 
previously  described. 

Sub-Class  TELEOSTOML 
Order  CROSSOPTERYGII. 

Holoptychius  antarcticus,  sp.  nov.  Figs.  25,  26. 

A  small  Holoptychian  fish  is  represented  by  a  few  imperfect  scales,  which  exhibit 
their  characteristic  microscopical  structure.  The  best  specunen  (P.  12573)  is  shown 
of  twice  the  natural  size  in  Fig.  25.  This  scale  is  much  longer  than  deep,  ovoid  in  shape, 
and  gently  concave  on  its  inner  or  attached  face.  It  is  widest  in  its  overlapped  portion, 
which  is  much  larger  than  the  exposed  portion,  and  the  division  between  these  two  portions 
is  marked  by  a  slight  notch  in  one  margin.  The  tissue  when  broken  as  in  the  fossil 
displays  the  concentric  lines  of  growth  ;  and  the  dense  inner  layer,  of  which  merely  a 
fragment  remains  at  the  anterior  end  of  the  specimen,  has  a  smooth  face  marked  only 
with  a  few  fine  vascular  ^perforations.  The  auter  layer  of  the  scale,  of  which  the  greater 

■f  ' 

part  is  preserved,  is  highly  vascular,  and  at  the  anterior  margin  it  shows  its  delicate 
radiating  trabeculse.  Most  of  the  hinder  exposed  portion  of  the  scale  is  exhibited  as 
an  impression  on  the  rock,  indicating  an  ornament  of  numerous  small  rounded 
ridges  directed  mainly  antero-posteriorly  but  partly  reticulated  near  the  lateral 
margin. 

One  good  transverse  section  of  a  scale  (P.  12574)  has  been  made  to  show  its 
microscopical  structure  (Fig.  26).  The  highly  vascular  outer  layer  is  about  as  thick  as 
the  dense  inner  layer,  and  its  chambers  are  very  irregular  in  size  and  shape,  though 
all  rounded  in  section.  The  inner  layer  is  laminated  as  . usual,  with  nearly  straight 
canaliculi  cro'ssing  the  laminse,  those  of  each  lamina  approximately  parallel,  but  meeting 
at  an  angle  the  corresponding  canaliculi  of  the  lamina  above  and  below — a  feature 
specially  characteristic  of  the  Holoptychian  scale. Near  one  edge  of  the  transverse 
section  the  inner  layer  is  thickened  into  a  low  boss,  which  seems  to  have  been  formed 
round  the  canal  of  the  lateral  line. 

On  the  same  piece  of  rock  as  the  scale  shown  in  Fig.  25,  there  is  a  small  fragment 

*  M.  Loliest,  Ann.  Soc.  Gcol.  Belg.,  Vol.  XV  (1888),  iMeni.,  p.  128,  PI.  II,  fig.  I  ;  J.  V.  Rolion,  Bull. 
.Veacl.  Imp.  Sci.  8t.  Petersb.,  n.s.,  Vol.  II  (1890),  p.  1,  pi.  1. 
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of  bone  marked  with  a  delicate  reticulate  ornament  suggesting  tliat  of  the  clavicle 
of  Holopfycliius. 

The  form  of  scale  now  described  ditt’ers  considerably  from  any  Holoptychian 
scale  hitherto  known,  and  may  lie  named  Holoptychius  antarcticus.  In  its  shape  and 
the  extent  of  its  overlapped  portion,  it  agrees  best  with  the  scales  of  the  species  commonly 
referred  to  Glyptolepis  ;  but  its  exposed  portion  is  more  coarsely  ornamented  than  in 
any  of  tliese  species,  and  the  tissue  of  the  scale  is  apparently  thicker. 

Osteolepid.  Figs.  27-29. 

Some  typically  Osteolepid  scales,  showing  their  microscopical  structure,'*  are  not 
generically  determinable,  and  an  imperfect  opercnlum  or  cheek-plate,  evidently  of  the 
same  fish,  is  equally  unsatisfactory.  The  smooth,  shining  outer  surface  of  these  fossils 
is  very  finely  and  regularly  punctate,  as  in  the  Middle  Devonian  Osteolepis,  THplopterus, 
and  Thursius  ;  l)nt  most  of  the  scales  are  larger  than  those  of  the  known  species  of 
these  genera,  and  are  at  least  equal  in  size  to  those  of  the  Lower  Carboidferous 
Megalichth  ys  lat  ice ps. 

Two  of -the  largest  scales  (P.  12576)  in  the  hard  black  shale  from  Granite  Harbour 
belong  to  the  lateral  line,  and  are  shovm  enlarged  in  Figs.  27,  28.  In  both,  the  margin 
of  the  anterior  overlapped  portion  is  preserved,  displaying  the  acute  antero-snperior 
angle,  the  convex  eilge  of  the  upper  overlapped  margin,  and  the  rounding  of  the  antero¬ 
inferior  angle,  giving  the  complete  scale  an  irregularly  ovoid  shape.  By  the  splitting 
of  the  rock  the  greater  part  of  each  scale  shows  only  the  middle  layer  of  its  tissue, 
which  is  traversed  in  part  by  the  canal  for  the  lateral  line  ol)liqnely  inclined  downwards 
and  backwards  ;  but  there  are  distinct  traces  of  the  rhombic  exposed  area,  smooth  and 
fijiely  punctate.  Another  l)roken  scale  on  the  same  slab  shows  that  the  wide  over¬ 
lapped  porfion  is  smooth  and  not  impressed  by  any  groove  parallel  with  the  edge  of 
the  exposed  area.  An  isolated  part  of  a  scale  (P.  P2579)  seems  to  confirm  this  ol)servation. 
The  quadrangnlar  shape  of  the  exposed  area  is  well  seen  in  a  smaller  specimen  (P.  12581) 
in  grey  sandstone  represented  in  Fig.  29.  The  margins  are  very  slightly  and  irregularly 
sinuous. 

A  transverse  section  of  a  scale  (P.  12583)  under  the  microscope  shows  the 
vermicnlating  chamliers  in  the  highly  vascidar  middle  layer  ;  the  wedge-shaped  pieces 
traversed  by  radiating  canaliculi  forming  an  uj)per  layer,  capped  by  a  thin  zone  of 
translucent  ganodentine ;  and  the  dense  Ijasement-layer  with  very  few  vascular 
canals. 

The  Osteolepid  operculum  or  cheek-plate  (P.  12588)  is  longer  than  deep,  with  its 
upper  portion  gently  curved  inwards.  It  is  much  broken,  but  there  are  remains  of  all 
three  layers  of  its  tissue,  including  the  finely  punctate  shining  surface. 


C.  H.  Pander, Die  Saurodipterinen,  etc.,  Devon.  Syst.”  (1860),  p.  19,  PI.  V,  tig.  8  ;  E.  8.  Goodriclp 
n  Lankester’s  Treatise  on  Zoology,”  Part  IX  (1909),  p.  217,  fig.  190. 
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Order  ACTINOPTERYGII. 

Palcivimcid .  Figs.  30-34. 

A  few  very  small  Palseoniscid  scales,  scattered  among  the  other  fish-remains, 
closely  resemble  scales  from  the  Upper  Devonian  of  Xorth  America,  which  have  been 
referred  provisionally  to  RhadinicJtthijs.^'  They  are  all  wider  than  deep  and  only  slightly 
ornamented  with  oblicjiie  lines  of  pittings  which  sometimes  pass  into  grooves  at  the 
margin.  All  except  one  (P.  12570)  are  without  the  peg-and-socket  articulation,  and 
so  are  probably  ventral,  dorsal,  or  caudal  scales. 

One  scale  (P.12589),  twice  as  wide  as  deep,  is  produced  a  little  upwards  at  its 
antero-superior  angle,  and  seems  to  show  four  irregular  and  unequal  serrations  at  its 
hinder  border  (Fig.  30).  The  pittings  on  its  smooth  outer  face  are  few  and  inconspicuous. 
A  deeper  rhombic  scale  (P.  12563),  which  also  seems  to  be 'serrated,  has  a  few  superficial 
pittings  tending  to  fuse  into  grooves,  and  apparently  a  very  fine  oblique  striation  of  the 
anterior  margin  (Fig.  31).  An  elongated  irregularly  pentagonal  scale  (P.  12576),  which 
tapers  behind,  is  ornamented  with  a  few  rows  of  pittings  (Fig.  32).  Portions  of  other 
scales  with  a  similar  ornament  occur  near  it. 

One  imperfect  ridge-scale  of  the  tail  (P.  12590)  is  comparatively  large,  but  is  marked 
only  by  a  few  minute  pittings,  and  doubtless  belongs  to  the  same  type  of  fish  (Fig.  33). 
The  two  rami  of  the  scale  are  fused  at  their  pointed  upjDer  end,  where  a  row  of  pits  alone 
divides  them. 

A  fragment  of  ornamented  bone  (P.  12591)  may  also  perhaps  be  the  dentary  of  the 
same  Pal?eoniscid  fish  ( Fig.  34).  At  its  presumed  lower  margin  there  is  a  narrow  smooth 
area,  but  above  this  the  whole  outer  face  oT  the- bone  is  covered  with  thick  ridges  of 
enamel  which  are  nearly  parallel,  though  sometimes  branching,  and  are  inclined  down¬ 
wards  and  l)ackwards  from  the  presumed  tooth-bearing  border.  A  dentary  thus 
ornamented  is  already  known  in  R]iadinichthijs,'\  and  a  nearly  similar  l)one  has  been 
found  with  the  remains  of  the  so-called  Rhadiniclithys  devonicus.\ 

Although  the  fish-remains  now  described  are  so  fragmentary  that  few  of  them 
can  be  definitely  named,  they  are  sufficient  to  prove  that  the  formation  in  which  they 
were  found  is  of  tapper  Devonian  age.  Bothriolepis  is  a  Common  Tapper  Devonian  fossil 
both  in  Europe  and  North  America.  The  Asterolepids  with  spines  and  crests  seem  to 
have  arisen  in  the  Middle  Devonian,  but  Byssacanthus  isTypically  Upper  Devonian,  and 
Byssacaufhoides  is  evidently  related  to  it.  The  fluted  Acanthodian  scales  from  Antarctica 
provisionally  referred  to  Clieinicanthus,  may  belong  to  any  part  of  the  Devonian  series, 

*  Hhadinichthfis  deronicus,  L.  Hussakof  and  W.  L.  Biyaut, Bull.  Buffalo  8oc.  Nat.  Sci.,  Vol.  Nil  (1918), 
]..  182,  Pis.  LIX-LXll,  PI.  LXll  I,  figs.  1,  2,  PL  LXV  and  text-figs.  60,  61. 

t  R.  H.  Traqnaii'.  "  Ganoid  Fishes  Brit.  Garb.  Form. — PaUeoniscida?  "  (.Mon.  Pal.  8oc..  1909). 
PI.  XXX,  figs.  8,  1.3. 

J  L.  Hussakof  and  W.  L.  Bryant,  loc.  cit.,  1918,  PI.  LX\',  fig.  3. 
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and  so  are  not  distinctive  ;  but  tJie  Selachian  dermal  tuljercles  are  most  closely  similar 
to  those  of  Cladoselache  from  the  Upper  Devonian  (Cleveland  Shale)  of  Ohio,  U.S.A. 
The  fragments  of  a  Coccostean  and  the  scales  of  Holoptyclvius  may  1)6  either  Middle  or 
Upper  Devonian,  bnt  some  of  the  Osteolepid  scales  are  rather  large  for  a  Middle  Devonian 
species  and  are  probably  of  later  date.  The  Palceoniscid  scales,  as  already  remarked, 
closely  resemble  some  from  the  Tapper  Devonian  of  North  America.  These  are  the 
earliest  known  remains  of  Pala?oniscid8e,  though  their  wide  geographical  distribution  (in 
North  America  and  Shetland  as  well  as  in  Antarctica)  suggests  that  still  earlier  forms 
will  yet  be  discovered. 
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EXPLAXATIOX  OF  PLATE. 


Fia.  ]. — Inner  view  of  keeled  Ostracoderm  plate,  enlarged  twice.  (P.  12.535.)  1a.  Polished  section  to 
same  enlargement. 

Pig.  2. — iMicroscope-section  of  Ostracoderm  plate,  enlarged  three  times.  (P.  12.537.) 

Fig.  3. — BotJiriolepis  antarctica,  sj).  nov.  ;  right  lateral  occipital,  outer  face,  enlarged  twice.  1.  .shme- 
groove.  (P.  12543.) 

Fig.  4.— Ditto ;  left  anterior  ventro-lateral  plate,  outer  face,  enlarged  twice,  ar.  articulation  for 
appendage  in  cross-section.  (P.  12545.) 

Fig.  5. — Ditto  ;  broken  section  of  articulation  for  appendage,  enlarged  three  times,  c.  canal  in 
articular  jirominence  ;  (j.  groove  for  dorsal  articular  plate  of  appendage  ;  t.  cancellated 
tissue  above  articulation.  (P.  12546.) 

Fig.  6. — Ditto  ;  left  posterior  ventro-lateral  ]date,  outer  face,  enlarged  one-and-a-half  times,  with 
(6.4)  portion  enlarged  six  times  to  show  texture  and  ornament.  (P.  12.547.) 

Fig.  7. — Ditto  ;  left  ventral  articidar  platn  of  apjiendage,  imjierfect  inner  face,  enlarged  twice. 
(P.  12.549.) 

Fig.  8. — Ditto  ;  ])ortions  of  left  ventral  anconeal  (a)  and  external  marginal  (»i)  plates  of  appendage, 
inner  face,  enlarged  three  times.  (P.  12551.) 

Fig.  9. — Ditto  ;  proximal  external  marginal  of  distal  segment  of  appendage,  showing  ornament, 
enlarged  three  times.  (P.  12552.) 

Fig.  10. — Byssacanthoides  debenhami,  gen.  &  S]).  nov.  ;  portion  of  broken  sjiine,  outer  view,  enlarged 
three  times.  (P.  12553.) 

Fig.  11. — Ditto;  outer  view  of  ])ortion  of  spine,  enlarged  nine  times,  and  transverse  section  of  spine, 
same  enlargement,  i.  inner  layer  ;  n.  outer  layer  ;  -p.  pulp-cavity  ;  lu.  layer  of  wedge- 
shaped  plates.  (P.  12554.) 

. — Cheiracanthus,  sp.  ;  scale,  enlarged  twelve  times.  (P.  12576.) 

. — Microscope-section  of  Acanthodian  scale,  enlarged  thirty  times.  (P.  12559.) 

. — Section  of  ovoid  Selachian  dermal  tubercle,  enlarged  .six  times.  (P.  12.589.) 

, —  ,  ,,  rhomboid  .,  ,.  ..  fourteen  times.  (P.  12561.) 

. —  „  ,,  „  ,.  twelve  times.  (P.  12590.) 

. — Vertical  section  of  Selachian  ,,  ,.  ,,  hfteen  times.  (P.  12563.) 

. —  ,.  ,,  ,,  ,,  „  ,,  ,,  hfteen  times.  (P.12561.) 

, — Group  of  Selachian  dermal  tubercles,  chiefly  in  horizontal  section,  enlarged  six  times.  (P.  12561 .) 

. — Outer  view  of  Selachian  dermal  tubercle,  enlarged  hfteen  times.  (P.  12561.) 

. — Microscope-section  of  Selachian  dermal  tubercle,  enlarged  fourteen  times.  (P.  12562.) 

.—Ditto.  (P.  12562.) 

. — Coccostean  plate,  outer  face,  enlarged  one-and-a-hah  times,  with  (23a)  ornament  enlarged 
four  times,  r.  thickened  margin.  (P.  12563.) 

. — Portion  of  bend  of  Coccostean  plate,  inner  view%  enlarged  three  times.  (P.  12564.) 

— HolnptycJiins  nntarcticus,  sp.  nov.  ;  scale,  enlarged  twice.  (P.  12573.) 

.—Ditto  ;  microscope-section  of  scale,  enlarged  six  times.  (P.  12574.) 

. — Osteole])id  scale,  enlarged  twice.  (P.  12576.) 

.—Ditto.  (P.  12.576.) 

— Ditto,  ex])Osed  face,  enlarged  twuce.  (P.  12581.) 

. — Palaeoniscid  scale,  ex])osed  face,  enlarged  eight  times.  (P.  12589.) 

. —  ,  ,,  ,,  ,,  ,.  fourteen  times.  (P.  12563.) 

.—  „  „  „  „  „  eight  times.  (P.  12576.) 

,.  four  times.  (P.  12590.) 

,.  three  times.  (P.  12.591.) 
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INTRODUCTION. 

Consideration  of  the  meteorological  data  furnished  by  the  “  Ter.  a  Nova  ”  and  previous 
Antarctic  expeditions  establishes  the  fact  that  the  conditions  in  Lat.  78°  S.  are  those 
of  an  extreme  glacial  period  such  as  obtain  hardly  anywhere  else  in  the  world,  the 
important  point  to  be  noted  being  the  complete  absence  of  rain  which  is  so  universal 
a  factor  elsewhere  in  the  production  of  surface  land  deposits. 

For  this  reason  it  has  been  thought  preferable  to  describe  the  deposits  under  the 
headings  of  the  agencies  responsible  for  them  rather  than  on  any  regional  basis. 

The  McMurdo  Sound  region  (Maps,  Figs.  1,  11)  only  is  discussed  here,  the  other 
parts  of  the  coast  that  were  visited  furnishing  less  material  on  account  of  the  few 
ice-free  patches  found  and  the  short  time  available  for  their  investigation.  McMurdo 
Sound  is  the  centre  of  volcanic  activity  for  that  part  of  the  coast,  but  the  deposits  due 
to  that  cause  will  be  treated  under  a  separate  heading  in  another  part  of  the  volume. 

The  general  topography  may  be  gathered  from  the  maps,  and  is  treated  in  detail 
in  the  Physiographical  Report  of  the  Expedition. 


VOL.  I. 


M 


64 


“TERRA  NOVA” 


EXPEDITION. 


RECENT  AN])  LOCAL  DEPOSIT, S  OF  McuM  URDO  SOUND  ~1  JEiVENHAM. 


65 


DEPOSITS  DUE  TO  THE  ACTION  OF  WIND. 

We  may  preface  the  description  of  these  deposits  with  some  notes  on  the'  observed 
power  of  the  winds.  On  the  west  coast  of  Ross  Island  and  at  Cape  Adare,  where  our 
two  stations  were  situated,  the  wind  records  were  far  lower  than  those  obtained  by  the 
Australasian  Expedition  in  Adelie  Land,  and  therefore  cannot  be  taken  as  an  over¬ 
statement  of  the  'case  for  the  rest  of  the  continent.  At  Yarmouth  the  frequency 
of  winds  over  30  miles  per  hour  is  7  per  cent,  of  the  total  winds  ;  at  Cape  Evans,  our 
headquarters,  it  was  23  per  cent,  for  1911  and  higher  for  1912.  The  mean  velocity 
of  the  wind  throughout  1911  at  Cape  Evans  was  IGY  miles  per  hour,  and  in  1912  the 
mean  velocities  for  the  months  of  June  and  July  were  31 ’8  and  28 ‘8  miles  per  hour 
respectively.  But  just  as  in  the  case  of  rivers  it  is  the  abnormal  floods  that  do  the 
greater  part  of  the  geological  work,  so  in  the  case  of  Avinds  we  are  more  concerned 


Fig.  2. — Gravel-  and  snow-drifts  on  Cape  Evans,  .showing 
the  effect  of  the  prevailing  south-east  winds. 


with  the  maxima  than  the  means.  Gusts  of  over  80  miles  per  hour  were  fairly  common 
in  1912,  and  the  highest  recorded  by  instruments  was  104  miles  per  hour.  As  the  hut 
was  in  a  sheltered  place,  and  the  drifting  snow  always  interfered  with  the  registering 
apparatus,  there  can  be  little  doubt  that  the  wind  velocity  in  the  gusts  reached  120 
or  130  miles  per  hour.  The  strongest  Avinds  of  the  year  being  in  the  Avinter,  we  Avere 
not  able  to  see  the  transporting  action,  but  some  idea  of  it  may  be  gathered  from  the 
folloAving  : — About  120  yards  to  the  S.E.  of  the  hut  there  was  a  low  gravelly  hill,  and 
Avhenever  the  Avind  force  rose  above  90  miles  per  hour,  the  roof  of  the  hut  Avas  bombarded 
by  large  pebbles  from  this  ridge.  The  size  of  the  pebbles  must  have  been  considerable, 
for  they  produced  a  loud  rattle  on  the  roof,  easily  heard  above  the  roar  of  the  blizzard. 

M  2 
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A  piece  of  English  flint  was  exposed  to  the  wind  throughout  our  stay,  and  the  eroding 
action  of  the  wind-borne  gravel  on  the  surface  was  noted.  On  the  hard  dark  fractures 
it  had  no  more  than  a  polishing  effect,  but  the  white  selvage  was  quickly  fretted  away 
on  the  windward  side. 

Near  headquarters,  at  Cape  Evans,  the  direction  of  the  strong  winds  was  always 
within  a  few  degrees  of  S.E.,  and  such  a  constancy  of  direction  is  naturally  responsible 


for  the  good  examples  of  aeolian  deposits  that  were  found.  On  the  lee  side  of  every  hill 
or  mound  great  drifts  of  snow  mixed  with  rock-dust  and  gravel  would  collect,  and  where 
for  some  reason  or  other  the  snow  was  not  permanent,  the  gravel  alone  was  found 
arranged  in  exactly  the  same  way  as  the  snow  (Fig.  2). 

Cape  Evans  (Eig.  3)  itself  shows  a  typical  example  of  these  local  drift  deposits. 
It  is  a  small  cape,  triangular  in  section,  bare  of  snow  except  for  local  drifts,  and  under 
100  feet  in  height  for  the  most  part.  The  S.E.  side  is  formed  of  bare  bluffs  of  coarse 
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lava  from  whicli  the  winds  have  swept  every  loose  particle,  while  the  N.W.  side,  only 
a  few  hundred  yards  away,  is  a  gentle  slope  of  gravel,  with  a  few  outcrops  of  rock, 
leading  down  to  a  small  definite  beach  of  volcanic  gravel.  The  slopes  of  gravel  were 
at  first  taken  to  be  a  continuation  of  the  beach,  but  the  shape  of  the  particles  and  their 
distribution  proved  that  they  were  composed  of  material  deposited  by  the  wind 


Fio.  4. —  Boulder  of  kenyle,  showing  the  effect  of  wind  erosion  ; 
the  felspars,  being  harder  than  the  matrix,  stand  out  in  relief. 


as  it  lost  its  force  in  the  lee  of  the  south-eastern  ridges  of  the  cape.  Some  of  this 
wind-laid  gravel  is  redistributed  by  streams  of  thaw  water  in  the  summer,  so  the  next 
example  quoted  is  taken  from  a  place  where  neither  thaw  water  nor  heavy  drifts  of 
snow  can  obscure  the  truly  aeolian  nature  of  the  deposit. 

Inaccessible  Island  is  a  high  (540  feet)  volcanic  island  aljont  two  miles  from 
Cape  Evans,  and  presents  a  steep  face  towards  the  south  and  a  more  gradual  one 
towards  the  north.  It  is  roughly  lozenge-shaped  and  lies  obliquely  to  the  direction 
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of  the  prevalent  wind.  On  account  of  its  high  steep  face  towards  the  south,  there 
is  naturally  an  area  on  the  north  side  of  the  ridge  where  the  wind  suddenly  loses 
its  force  and  drops  its  load.  At  that  height  there  is  very  little  surface  drift  snow 
in  the  air,  and  consequently  its  only  load  is  gravel  from  the  arretes  and  couloirs 
of  the  south  side.  This  is  dropped  in  a  very  remarkable  ridge  of  gravel,  coarse  at 
the  top  and  finer  below,  which  runs  obliquely  along  the  upper  slopes. 

The  same  thing  is  taking  place  at  Turk’s  Head,  a  cape  to  the  south  of  Cape  Evans. 
At  all  these  places  the  abrading  action  of  the  wind-borne  gravel  produces  peculiar 
weathered  forms.  The  local  lava,  being  for  the  most  part  coarse,  with  large  phenocrysts 
of  felspar,  is  never  worn  smooth,  l)ut  develops  a  rugged  appearance  in  Avhich  the 


Fig.  5. — Potholes  worn  by  wind  action  in  dense  granite. 
Sunnnit  of  Redcliffs,  iMackay  Glacier,  Granite  Harbour. 


felspar  forms  the  projecting  points  (Fig.  4),  but  this  and  other  rocks  are  sometimes 
worn  into  deep  potholes  or  basins  (Fig.  5). 

Naturally  a  great  part  of  this  blown  gravel  leaves  the  land  and  finds  a  temporarv 
resting-place  on  the  sea-ice,  where  towards  the  middle  of  summer  it  forms  a  dark 
covering  in  the  lee  of  capes,  greatly  accelerating  the  thaw  and  ultimately  floating 
off  to  the  north.  Since,  however,  the  maximum  snow-free  surface  is  ex]3osed  to  the 
wind  in  the  autumn  when  the  sea-ice  is  normally  absent,  it  is  obvious  that  a  great  deal 
of  the  gravel  must  collect  on  the  sea-l)ottom  in  the  vicinity  of  land,  and  soundings 
show  that  such  is  the  case. 

Fassing  across  McMurdo  Sound  to  the  mainland,  generally  referred  to  as  the 
“  Western  Mountains,”  we  find  much  larger  areas  of  bare  land,  and  consequentlv  the 
effect  of  the  winds  is  much  more  pronounced.  Here,  however,  the  winds  are  not  so 
constant  in  direction,  and  the  two  lilizzard  directions  are  from  the  south  and  the  west. 
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Reflected  by  the  higli  sides  of  the  valleys,  the  actual  direction  of  wind  in  any  one 
spot  may  be  altered  continual  iy  ;  in  fact,  in  the  deeper  valleys  a  strong  transverse 
wind  would  be  transformed  into  gusts  alternately  up  and  down  the  valley.  Such 
variations  have  the  eft’ect  of  hiding  to  some  extent  the  aeolian  character  of  many 
of  the  deposits,  even  though  they  increase  the  abrasive  action  of  the  wind  on  the 
surface. 

In  the  west,  therefore,  we  do  not  meet  with  the  prominent  gravel-drifts  m  the 
lee  of  hills  that  have  been  described  on  Ross  Island.  On  the  other  hand,  the  amount 
of  gravel  in  the  beds  of  the  ice-free  valleys  is  far  greater  than  anywhere  on  the  east 
side  of  the  Sound.  The  greater  part  of  this  gravel  is  angular  and  has  only  reached 
the  bed  of  the  valleys  by  the  agency  of  the  wind,  but  as  it  has  been  mostly  re-sorted 
by  thaw  water  the  description  of  these  immense  beds  is  left  to  the  sections  on  lake- 
and  stream-deposits. 

It  was  pointed  out  that  the  rough  lavas  of  Ross  Island  are  never  worn  smooth 
by  the  wind,  but  the  case  is  quite  different  on  the  mainland,  where  there  are  many 
fine-grained  dense  rocks.  In  the  Dry  Valley  in  particular  there  are  many  beautiful 
examples  of  small  pieces  of  rock  worn  into  facets  by  the  wind.  Some  of  these  showed 
by  their  position,  firmly  embedded  in  the  fine  gravel,  that  the  facets  were  due  to  the 
winds  that  blew  alternately  up  and  down  the  valley,  cutting  on  each  side  according  to 
their  strength. 

A  striking  feature  of  the  wind  deposits  is  that  they  all  consist  of  moderately  coarse 
gravel,  and  in  no  place  of  any  finer  material.  Any  rock-dust  formed,  owing  to  the 
strength  of  the  wind,  is  either  whirled  away  over  the  sea  or  else  entrap])ed  in  the  snow. 
In  the  centre  line  of  l)road  glaciers  this  rock-dust  appears  as  stratified  bands,  increasing 
in  frequency  from  the  to23  to  the  l)ottom.  It  is  true  wind-borne  dust  and  not  “  rock- 
flour  ”  from  the  bed  of  the  valley,  for  it  can  be  traced  down  from  the  surface  to  the 
lower  levels,  where  it  seems  to  accnmnlate.  The  muds  at  the  end  of  these  glaciers, 
therefore,  were  originally  largely  due  to  the  action  of  wind,  and  not  to  the  eroding- 
action  of  the  under-surface  of  the  glacier. 

To  sum  up  the  effects  of  wind  in  the  deposition  of  material,  it  is  clear  that,  although 
the  winds  are  of  exceptional  frequency  and  strength,  the  amount  of  rock  material  they 
can  reach  is  small  on  account  of  the  few  l)are  surfaces.  Consequently,  the  total  amount 
of  material  so  removed  and  deposited  is  probably  far  less  than  in  more  tenqrerate  lands. 
Since,  however,  the  effect  of  water  as  an  agent  of  deposition  is  very  small,  the  j^ercentage 
effect  of  wind  becomes  very  large  under  these  conditions. 

Still  farther  south  this  effect  becomes  more  important,  for  in  the  glaciers  of 
85°  S.  there  is  very  little  thaw  indeed,  and  transport  of  material  can  only  be  effected 
by  the  ice  itself  and  the  wind.  In  this  region  all  the  glaciers  from  the  plateau  reach 
sea-level,  and  no  permanent  land  deposits  exist.  The  transported  material  Ijecomes 
absorbed  in  the  Great  Ross  Barrier,  and  is  ultimately  dropped  by  melting  icebergs 
to  the  sea-floor. 
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LAKE-DEPOSITS. 

As  in  other  glaciated  countries  there  are  many  small  lakes  and  tarns  scattered  over 
the  land  which  is  bare  of  ice.  We  may  classify  them  shortly  into  those  that  are 
temporary,  caused,  for  instance,  by  the  stoppage  of  a  stream  by  ice,  and  those  that  are 
sub-permanent.  Each  class  is  forming  deposits  of  its  own,  though  usually  on  a  small 
scale. 

The  snb-permanent  class  is  particularly  well  developed  in  the  Cape  Eoyds  region 
of  Ross  Island,  where  there  is  a  large  expanse  of  low-lying  ground.  The  lakes 
themselves  generally  occupy  depressions  in  the  lava  flows,  though  some  are  due  to 
moraine  blocking  a  natural  channel  or  groove.  Professor  T.  W.  E.  David  and  Mr.  R.  E. 
Priestley,  in  an  account  of  these  lakes,*  show  that  the  only  deposits  of  any  importance 
that  are  now  being  formed  in  them  consist  of  layers  of  dried  algous  peat  up  to  three 
feet  in  thickness. 

This  alga,  like  all  the  fauna  and  flora  that  manage  to  survive  the  conditions,  is 
extremely  tenacious  of  life  and  seems  to  .be  the  only  one  at  present  able  to  leave  a 
geological  record  of  itself.  That  it  does  so  there  is  no  doubt,  as  deposits  of  it  up  to 
one  foot  in  thickness  were  occasionally  found  covered  by  gravelly  moraine  which,  if 
undisturbed,  will  eventually  preserve  it  as  thin  lenticles  of  peat  in  a  cemented  breccia. 
The  most  striking  deposits  of  the  kind  were  found  by  us  in  the  small  temporary  lakes 
amongst  ice-borne  moraine  on  the  western  side  of  the  Sound.  These  lakelets  are 
subject  to  frequent  changes  of  level,  and  in  many  cases  were  surrounded  by  small 
terraces  of  the  dried  plant  marking  the  former  height  of  the  water.  The  thaw  each  year 
is  much  more  prolonged  than  on  Ross  Island,  and  the  plant  grows  to  a  greater  size,  so 
that  we  are  led  to  the  conclusion  that  the  deposits  of  this  algous  peat  will  increase 
rapidly  with  increasing  mildness  of  conditions.  The  only  other  type  of  vegetation  that 
occurs  in  sufficient  quantity  to  form  deposits  is  moss,  but  this  is  local  in  extent  and 
insignificant  in  thickness. 

Returning  to  the  lakes  of  Ross  Island,  there  is  naturally  at  the  bottom  of  each 
a  deposit  of  mud,  consisting  of  the  fine  dust  that  is  blown  on  to  the  surface  and  silt 
washed  into  the  lake  by  the  small  thaw  streams.  This  mud  is  rarely  of  appreciable 
thickness  and  is  so  mixed  with  larger  particles  of  gravel,  wind-borne  or  otherwise,  that 
it  can  hardly  be  called  a  mud  in  the  strict  sense. 

The  lakes  of  similar  character  on  Cape  Evans,  as  shown  on  the  map  (Fig.  3,  p.  66), 
formed  quite  an  appreciable  proportion  of  the  cape,  though  they  are  all  very  shallow. 
These  small  lakes  of  the  volcanic  district  provide  still  another  contrast  with  those  of 
Arctic  regions,  where  the  smallest  has  a  steady  flow  of  water  into  it,  bringing  considerable 
amounts  of  fine  silt  and  mud  to  form  a  deposit  on  the  bottom. 

On  the  mainland,  on  the  other  hand,  we  meet  with  much  larger  lakes,  and  as  the 
general  meteorological  conditions  on  the  coast  of  the  mainland  are  much  milder  than 
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on  Ross  Island,  with  the  increased  thaw,  even  though  rain  never  falls,  all  the  agents  of 
deposition  become  more  active. 

The  valleys  in  the  foothills  of  the  Western  Mountains  are  not  all  equally  supplied 
with  snow  from  the  ranges-  behind,  and  consequently  quite  a  numl)er  of  them  are  free 
from  ice.  The  annual  snowfall  is  so  small  that  it  is  easily  ablated  where  it  falls,  and, 
wherever  supply  by  flow  from  the  plateau  fails,  the  valleys  become  quite  bare  during 
the  summer  and  thinly  covered  with  snow  during  the  winter.  These  “  dry  valleys  ” 
occur  only  to  the  south  of  New  Harbour,  the  coastal  strip  to  the  north  of  it  being 
occupied  with  a  continuous  covering  of  piedmont  glacier.  Their  very  local  occurrence 
is  due  to  the  drainage  from  the  plateau  being  interrupted  by  the  Royal  Society  Range. 

Taking  the  northernmost  valley  first,  named  Dry  Valley  by  Captain  Scott  on  his 


Fig.  6. — Upper  part  of  Dry  Valley.  Old  lake-beds  in  right  foreground.  Lake  Bonney  in  middle 
distance.  Recent  craters  on  sides  of  valley  in  the  distance. 


first  expedition,  we  find  a  series  of  lakes  from  the  foot  of  its  shrunken  ice-flow,  the 
Taylor  Glacier,  at  intervals  all  the  way  to  the  sea  (Fig.  6). 

The  largest  of  these  is  Lake  Bonney,  which  is  at  present  about  three  miles  long 
and  miles  wide,  and  lies  at  the  upper  end  of  the  valley  immediately  lielow  the  snout 
of  the  Taylor  Glacier.  It  has  oliviously  been  much  larger  in  the  past  and  lies  in  an  area 
of  inland  drainage  of  consideral)le  size.  The  topography  of  Dry  Valley  is  remarkable, 
as  can  be  seen  from  the  sketch-map  (Fig.  14.  p.  90),  and  the  lake  occupies  two 
broad  basins  linked  by  a  deep  gorge. 

The  whole  of  Dry  Valley  is  covered  with  moraine  left  l)y  the  retreating  glacier, 
but  in  the  neighliourhood  of  Lake  Bonney  this  moraine  has  undergone  a  good  deal  of 
re-sorting  by  water.  Many  streams  had  cut  little  V-shaped  valleys  in  it,  and  the  blocks 
showed  some  evidence  of  erosion. 
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As  the  lake  was  frozen  when  we  saw  it,  we  could  not  determine  its  depth  or  the 
nature  of  the  lake  bottom,  but  in  the  gorge  it  must  be  well  over  twenty  feet  in  depth. 
Everywhere  there  was  a  considerable  amount  of  the  grey-green  algous  weed  we  have 
already  noticed  on  Ross  Island,  but  it  was  on  the  outskirts  of  the  present  lake  that  we 
were  best  able  to  judge  of  the  deposits  now  hidden  at  its  bottom.  Like  all  lakes  without 
an  outlet,  it  is  subject  to  marked, changes  of  level,  a  fact  that  was  evident  in  many  ways. 
The  most  curious  of  these  was  that  in  the  centre  of  the  lake  was  a  low  platform  of  ice, 
much  pinnacled  and  weathered,  which  represented  the  level  of  some  former  year  and 
had  not  since  been  thawed  out. 

At  the  sides  of  the  lake  the  terraced  effect  to  be  expected  from  such  alterations  of 
level  was  not  very  marked  though  visible.  The  former  strand  lines  were  represented 
by  lines  of  dried  algae  rather  than  l)y  the  usual  miniature  beaches.  The  absence  of 
beaches  is  accounted  for  by  the  fact  that,  in  spite  of  the  size  of  the  lake,  wave  action 
can  rarely  be  of  much  importance,  as  the  thaw  is  usually  partial  and  acts  only  for  a 
very  short  period.  The  lake  is  shallow  at  both  ends,  where  the  main  accession  of  water 
takes  place  from  streams.  Silting  of  the  lake  is  taking  place  here  and  small  deltas  are 
being  formed,  but  there  is  a  general  absence  of  fine  mud,  the  particles  of  material  being 
all  above  “  dust  ”  size  and  the  water  running  quite  clear  everyAvhere.  The  reason 
for  this  is  that,  since  frost  action  is  the  chief  disintegrating  agent,  rock-dust  is  rarely 
formed,  and  the  strong  winds  sweep  away  what  little  may  be  the  result  of  its  oaaui  action. 
Beyond  the  lake  to  the  east,  and  at  a  higher  level,  there  are  four  very  definite  deposits 
from  former  lakes,  which  give  an  insight  into  the  types  of  deposit  noAv  being  laid  doAvn. 
These  AA^ere  level  patches  of  gravel  mixed  Avith  finer  silt,  and  AA^ere  so  remarkable  on  the 
otherwise  irregular  surface  that  they  A\=^ere  named  “  Football  Fields.”  They  AA^ere 
connected  Avith  each  other  and  Avith  Lake  Bonney  by  stream-channels  AAdiich  had 
traced  small  valleys  of  their  oAvn.  The  farthest  field  Avas  about  250  feet  aboA^e  the 
level  of  the  large  lake  and  distant  about  3,000  yards.  These  fields  represent  old  lakes 
which  have  been  completely  silted  up  or  have  found  a  drainage  to  loAA^er  leA^els  AAdiich 
emptied  them,  the  floors  being  noAV  almost  level.  The  nature  of  the  deposits  thus 
exposed  is  particularly  interesting.  One  Avould  expect  to  find  the  material  graded  from 
inlet  to  outlet,  the  length  of  some  of  the  fields  being  half  a  mile,  but  this  is  not  the  case. 
The  finer  material  is  everyAvhere  mixed  Avith  a  considerable  amount  of  coarse  graA^el  the 
stones  of  Avhich  are  sub-angular  and  sometimes  reach  the  size  of  a  Avalnut.  MoreoAmr, 
one  Avould  hardly  expect  the  Avhole  bed  to  be  of  an  even  leA^el,  yet  it  is  definitely  so.  The 
reasons  for  these  pecidiarities  seem  to  be  as  follows  : — The  lakes  AA^ere  probably  shalloAv 
in  any  case  like  the  present  ones,  and  Avere  only  thaAved  out  for  a  small  part  of  the  year. 
The  normal  action  of  Avater  depositing  mud  in  still  Avater  Avould  therefore  be  taking 
place  only  for  an  inconsiderable  period  and  at  long  intervals.  On  the  other 
hand,  the  action  of  the  Avind  conveying  angular  gravel  from  the  sides  of  the  valley 
Avould  be  continuous  throughout  the  year  and  Avould  spread  the  gravel  more 
or  less  equally  over  the  loAver  parts  of  the  valley.  The  gravel  Avould  be  especially 
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entangled  in  the  rough  surface  of  the  frozen  lake,  and,  when  tlie  thaw  came, 
would  melt  its  way  down  to  the  floor  of  the  lake,  mixing  with  the  true  water- 
laid  silt  and  obscuring  its  nature.  As  could  be  seen  in  the  sides  of  tlie  small 

i 

channels,  these  lake-deposits  do  not  show  the  inarked  bedding  that  one  finds  in 
normal  deposits.  A  definite  l^edding  plane  might  run  for  a  few  feet,  Imt  there  was 
little  to  show  that  the  whole  of  the  material  was  laid  down  in  water.  This  appears  to 
be  an  important  observation  in  its  application  to  the  glacial  drifts  of  past  times,  for  it 
seems  that  under  the  conditions  named — that  is  to  say,  a  very  short  season  of  thaw 
any  deposits  in  basins  will  be  of  this  hybrid  character,  a  proportion  of  angular 
unstratifted  material  with  a  proportion  of  finer  bedded  material.  One  might  almost 
go  so  far  as  to  say  that  the  ratio  of  the  one  to  the  other  is  in  direct  proportion  to  the 
length  of  the  summer,  or,  in  other  words,  to  the  time  during  which  the  action  of  streams 
can  produce  deposits  to  cope  with  the  action  of  wind  for  the  remainder  of  the  year. 

Further  down  the  Dry  Valley  there  were  other  and  smaller  lakes  than  Lake  Bonney, 
though  of  a  similar  kind.  The  floor  of  the  valley  is  everywhere  coated  with  wind-l)lown 
gravel  which,  in  the  basins,  covers  the  original  moraine.  The  action  of  the  lakes  is 
merely  to  collect  this  gravel  rather  more  definitely  than  elsewhere,  and  to  mix  it  with 
a  small  proportion  of  finer  silt  whicli  in  places  is  bedded.  It  should  be  noted  also  that 
the  result  of  a  lake  freezing  solid  as  the  Antarctic  lakes  do  is  to  disturb  the  deposits  at 
the  bottom,  especially  towards  the  side,  and  still  further  obscure  what  bedding  there 
may  have  been. 

In  the  large  glaciers  of  the  outlet  valleys,  lakes  are  frequently  found  on  the  upper 
side  of  tributaries  entering  at  grade  or  anywhere  at  the  side  of  the  glacier  wliere 
the  normal  flow  of  the  thaw  water  is  obstructed  by  the  ice  itself.  Some  of  these  lakes 
are  of  considerable  size,  such  as  the  one  under  the  Solitary  Rocks  on  the  Taylor 
Glacier  and  another  to  the  east  of  Cathedral  Rocks  in  the  Ferrar  Glacier.  They  are 
peculiar  in  that  they  fulfil  a  double  role,  for  in  the  summer  when  they  are  thawed  they 
are  definite  lakes  and  receive  the  lateral  streams  with  their  load  of  material,  but  when 
they  freeze  again  they  become  part  of  the  glacier,  sharing  in  its  movement  to  some 
extent  on  the  glacier  side.  The  case  of  such  temporary  lakes  is  particidarly  interesting, 
as  the  deposits  they  collect  will  remain,  when  the  ice  departs,  in  a  most  nnnsual  position 
high  up  on  the  shoulder  of  a  valley.  One  such  instance  may  be  described.  The  Mackay 
Glacier,  in  Granite  Harbour,  passes  round  several  large  islands  or  nunataks  which 
deflect  the  stream  on  the  upper  side.  On  the  lower  side  is  a  “  backwater”  between 
the  reuniting  streams,  and  this  depression  is  always  filled  by  a  lake  of  thaw  water. 
The  best  instance  is  that  below  the  nunatak  of  Mount  Suess  (see  sketch-map. 
Fig.  16,  p.  96).  Besides  the  lateral  moraine  in  this  depression,  there  are  long 
patches  of  water-borne  silt  and  several  small  terraces  showing  the  former  levels  of  tlie 
lake.  At  the  upper  end  this  lake  is  sharply  marked  off  from  the  glacier  by  an  ice  slope, 
almost  a  wall  in  places,  but  at  the  wedge-shaped  lower  end  it  merges  into  the  ice  of  the 
glacier  so  that  the  junction  is  invisible. 
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The  small  patches  of  silt  and  the  small  terraces  in  this  locality  are  repeated  on  a 
large  scale  at  the  mouth  of  the  Davis  Valley  immediately  south  of  Blue  Glacier. 
The  glaciers  of  the  small  valleys  along  this  strip  of  the  coast  are  all  far  up  their 


respective  valleys  and  have  left  their  moraine  on  the  sides  and  floor  of  the  valleys  just 
as  in  the  case  of  Dry  Valley,  but  comparatively  recently  they  were  much  larger  and 
reached  the  main  Koettlitz  Glacier,  then  a  huge  stream  some  fifteen  miles  wide  and 
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some  400  feet  higher  than  it  is  at  present.  As  the  ice  began  to  retreat,  the  Koettlitz 
formed  an  immense  bar  to  the  thaw  water  from  these  valleys,  and  large  lakes  were 
formed,  which,  as  the  ice  still  retreated,  dwindled  in  size  and  hnally  dis'appeared, 
leaving  their  deposits  exposed. 

An  excellent  example  of  this  occurs  at  the  nioutli  of  the  Davis  Valley,  and  is 
represented  in  the  map  and  sketch  (Figs.  7  and  8).  The  terraces  here  are  up  to  50  feet 
in  thickness,  with  level  surfaces,  and  have  since  been  cut  through  by  streams  to  that 
depth.  At  the  bottom  of  the  small  ravine  so  formed  were  large  boulders  rounded  by 
water  action,  showing  that  the  short  summer,  thaw  can  nevertheless  account  for 
considerable  erosion  even  in  such  a  severe  climate.  The  material  of  the  terraces  is  for 
the  most  part  coarse  gravel  with  a  small  proportion  of  the  fragments  water-worn,  but 
the  most  striking  feature  about  the  whole  is  the  presence  of  outcrops  of  the  original 
moraine  protruding  above  the  approximately  level  surface  of  the  gravels.  These 


Fig.  8. — Sketch  showing  old  lake-terraces  at  mouth  of  Davis  Valley. 
From  point  A  in  sketch-map  (Fig.  7). 


outcrops  are  similar  to  other  moraines  all  along  this  coast,  and  show  that  the  gravels 
were  laid  down  round  them  as  islands. 

We  have  here  the  same  kind  of  processes  at  work  as  in  the  Dry  Valley,  but  on  a 
larger  scale,  the  recent  history  of  the  locality  being  somewhat  as  follows  : 

At  some  time  since  the  maximum  extension  of  the  ice  the  Davis  Glacier  had  begun 
to  recede  from  the  Koettlitz,  leaving  the  opening  of  its  valley  free  for  the  collection  of 
the  thaw  water  from  it  and  its  neighbour  the  Hobbs  Glacier,  with  the  result  that  a  large 
lake  was  formed  against  the  side  of  the  Koettlitz.  The  deposits  of  water-borne  silt  and 
wind-borne  gravel  were  then  formed  over  and  round  the  original  flooring  of  coarse  moraine. 
When  the  main  glacier  itself  receded  past  the  opening  of  the  valley,  the  lake  escaped  to 
the  sea,  leaving  the  deposits  well  above  sea-level  and  arranged  in  a  gradual  slope  towards 
it.  The  streams  from  the  two  valley  glaciers  then  proceeded  to  cut  ravines  through  the 
loose  material,  and  the  much  larger  stream  from  the  side  of  the  Koettlitz  cut  back  its 
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seaward  face.  The  very  definite  slope  of  the  terraces  as  now  seen  is  therefore  not  due  to 
wave  action,  which  in  Antarctic  lakes  can  never  be  a  great  factor,  but  to  the  transverse 
washing  of  a  thaw  stream.  Though  terraced  in  form,  they  are  not  lake-terraces  in  the 
ordinary  sense. 

These  deposits  of  silt  and  gravel  are  still  very  loose,  and  there  can  be  very  little 
binding  in  the  mass  for  two  reasons,  firstly,  because  the '  proportion  of  fine  material 
is  very  small,  and,  secondly,  because  there  is  no  water  to  percolate  through  it.  The 
snow  which  falls  in  the  winter  disappears  in  early  spring  by  ablation,  and  what  little 
water  may  find  its  way  through  the  upper  surface  is  permanently  frozen  a  foot  or  so 
below. 

From  the  above  description  it  is  clear  that  a  section  through  the  whole  deposit 
would  expose  a  most  anomalous  set  of  sediments,  all  the  more  so  since  the  thaw  streams 
often  shift  their  beds  in  a  lateral  direction,  leaving  the  water-worn  material  to  be  covered 
with  gravel  and  moraine  falling  down  the  sides  of  the  ravines.  The  greater  part  of  the 
section  would  consist  of  rudely  stratified  silts  and  gravels  with  only  a  very  slight  rounding 
of  the  grains.  Mixed  with  this  there  would  be  occasional  lenticles  of  water-laid  silt  and 
other  patches  of  angular  boulders,  while  through  the  whole  mass  would  be  large  inoimds 
of  the  original  moraine.  The  sequence  would  be  still  further  obscured  by  the  presence 
of  stream  boulders  under  the  unworn  gravel,  very  possibly  resting  on  the  original 
striated  pavements  of  the  foundation. 

In  each  of  the  valleys  in  this  neighbourhood  something  similar  is  to  be  seen,  that 
is  to  say,  there  are  lake-deposits  in  the  beds  of  the  valleys  either  on  the  foundations 
or  on  the  moraines.  The  placing  of  a  bar  of  moraine  across  these  valleys  by  the  Koettlitz 
Glacier  has  helped  to  form  these  lakes,  some  of  which  are  of  considerable  size,  as  may  be 
seen  from  the  maps. 

In  summarising  the  nature  and  extent  of  the  lake-deposits  we  must  emphasise 
two  main  points.  The  first  is  that  the  sediments  do  not  present  the  usual  characters 
of  those  of  lacustrine  origin  and  would  be  difficult  to  recognise  as  such  apart  from  their 
original  surroundings.  The  proportion  of  true  mud  is  so  insignificant,  the  bedding  so 
indefinite,  and  the  sorting  of  material  so  little  marked,  that  there  is  little  in  common 
with  temperate  lake-deposits. 

The  other  inqiortant  point  to  be  remarked  upon  is  the  short  geological  life  of  most 
of  these  deposits.  Situated  as  they  are  for  the  most  part  in  the  beds  of  valleys,  it  is 
difficult  to  see  how  they  can  be  preserved.  Should  the  glacial  conditions  continue  to 
moderate,  the  fluvial  action  down  the  valley  would  quickly  transform  or  remove  them  ; 
while  if  the  glaciers  were  to  increase  again,  they  would  be  disturbed  and  disrupted. 
The  deposits  formed  by  the  temporary  lakes  at  the  sides  of  glaciers  stand  a  better  chance 
of  being  preserved  for  a  considerable  period. 

The  net  result  should  be  that  after  a  period  of  severe  glaciation  there  is  no  verv 
striking  accumulation  of  lake-deposits,  and  those  that  do  survive  are  of  a  peculiar 
character. 
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STREAM-DEPOSITS. 

It  is  somewhat  surprisingTo  find  that  in  a  region  where  no  rain  ever  falls  the  streams 
can  reach  such  a  magnitude  as  was  constantly  observed,  and  if  asked  for  the  outstanding 
feature  of  Antarctic  conditions  one  would  be  inclined  to  say  the  summer  thaw. 

On  a  calm  summer  day  in  the  vicinity  of  rocks  the  thaw  is  intense,  though  the  air 
temperature  may  be  hardly  above  freezing-point.  It  very  soon  became  obvious  to 
us  that  the  short  thaw  season  was  the  real  geological  year  on  land,  and  that  most  of  the 
alterations,  whether  of  erosion  or  deposition,  take  place  in  that  brief  period  of  the 
year. 

The  true  air  temperature,  as  we  have  seen,  is  rarely  above  32°  F.,  but  on  calm  days 
close  to  the  ground  it  may  be  higher.  The  most  important  factor,  however,  is  not  the 
air  temperature  but  the  rock  temperature,  in  other  words,  the  heat  absorbed  by  the 
rocks  and  passed  on  to  the  snow  or  ice  in  contact  with  it.  The  effects  of  this  action 
were  little  short  of  astonishing,  for  we  frequently  observed  thaw  going  on  at  an  air 
temperature  of  zero  Fahrenheit,  and  copious  streams  came  from  the  moraines  at  air 
temperatures  lietween  10°  and  20°  F.  Where  the  moraines  are  intimately  mixed  with 
the  ice  on  which  they  lie,  as  in  the  lower  levels  of  the  Ferrar  and  Koettlitz  Glaciers, 
tiny  streams  were  observed  well  into  March,  that  is  to  say,  some  six  weeks  after  the 
height  of  the  thaw. 

The  action  may  be  described  as  somewhat  similar  to  the  warming  of  the  air  in  a 
conservatory,  for  immediately  the  water  came  into  contact  with  the  air  it  would  be 
coated  with  a  thin  film  of  ice,  which  acted  as  the  glass  does  in  letting  through  the  radiant 
heat  and  preventing  convection  of  the  cold  air.  One  therefore  often  met  with  a  cliff 
of  silted  ice  with  a  skin  of  thin  clear  ice  on  it  and  thaw  water  dripping  down  behind 
the  film  and  running  away  under  thinly  frozen  streams  at  the  base  of  the  cliff.  The  true 
thaw  may  take  place  any  time  in  December  and  January,  and  is,  of  course,  subject  to 
complete  interruptions  by  cloudy  weather  or  cold  winds. 

The  following  instances  will  show  the  order  of  size  of  the  glacial  streams,  and  it 
will  be  seen  that  they  are  comparable  with  those  of  glaciers  in  more  normal  climates, 
with  the  limitation  that  they  only  run  at  that  rate  for  a  few  days,  or  even  hours, 
in  the  year. 

On  the  Ferrar  Glacier,  at  a  height  of  3,000  feet  above  the  sea,  a  thaw  stream  was 
seen  in  December  seven  feet  in  width,  averaging  nine  inches  in  depth,  and  running  at 
the  rate  of  360  feet  per  minute.  Much  larger  streams  than  this  have  been  seen  on  the  same 
glacier,  but  no  exact  measurements  are  available.  Nearer  sea-level  the  size  of  the  streams 
is  much  increased,  and  they  may  even  assume  the  proportions  of  rivers.  It  was  on  the 
frozen  surface  of  one  of  these  rivers  at  the  side  of  the  Koettlitz  Glacier  that  a  party  was 
able  to  sledge  for  about  20  miles  at  the  end  of  February.  At  this  time  it  was  covered 
with  three  to  six  inches  of  ice,  but  its  former  size  was  easily  seen  l)y  the  limits  of  the  clear 
ice.  At  a  point  15  miles  from  its  outfall  into  the  sea,  the  water  beneath  the  ice  was 
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at  this  time  18  inches  deep  and  np  to  15  feet  in  width,  but  lower  down  these  dimensions 
were  probably  far  exceeded.  It  was  such  a  permanent  feature  that  it  was  named  the 
Alph  Kiver  (Fig.  9),  and  its  size  may  be  further  gauged  from  the  fact  that  the  seals 
regularly  used  it  as  a  highway  to  travel  inland  as  far  as  20  miles,  so  that  it  must  everywhere 
be  well  over  a  foot  in  depth.  An  average  for  the  lower  portion  would  be  about  20  feet 
wide  by  3  feet  deep  for  the  date  mentioned,  and  its  rate  there  was  rapid,  about  400  feet 
per  minute.  Its  bed  for  the  whole  of  its  length  is  the  ice  of  the  glacier,  so  that  it  is  not 
doing  any  erosion,  but  it  affords  an  example  of  the  size  of  the  streams  that  are  possible 
in  the  South. 

Naturally  it  is  only  where  the  streams  descend  from  the  glaciers  on  to  bare  ground 
that  any  permanent  stream-deposits  are  found,  and  this  takes  place  in  only  a  few  valleys. 


Fig.  9. — Scene  on  the  Koettlitz  Glacier,  showing  results  of  extreme  thaw.  Alph  River  in 
the  foreground.  Twenty  miles  from  the  sea,  but  only  100  feet  above  sea-level. 

At  the  end  of  the  Taylor  Glacier  in  Dry  Valley  a  series  of  streams  run  off  the  ice, 
and  are  joined  by  the  streams  from  the  lateral  moats  before  running  into  Lake  Bonney. 
There  is  here  a  large  area  of  20  to  30  acres  of  stream-laid  silt,  flattened  in  places  into  the 
form  of  a  plain,  but  for  the  most  part  uneven  and  hummocky.  The  reason  for  the 
rough  apjiearance  is  that,  except  under  special  circninstances,  the  silt  is  permanently 
frozen  a  few  inches  lielow  the  surface,  and  though  originally  almost  level,  in  process  of 
time  it  becomes  Immmocky  through  the  escape  of  the  ice  by  ablation  or  differential 
thawing.  The  hexagonal  tesselations  so  typical  of  water-logged  soil  which  is  frozen 
were  particularly  well  developed  in  these  silt  areas,  though  not  confined  to  them. 
Small  deltas  of  finer  silt  were  to  be  found  at  the  edge  of  the  lake. 

The  important  point  noted  about  these  silts  was  their  comparative  coarseness,  the 
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grains  being  rarely  less  than  the  size  of  ordinary  beach  sand  and  often  that  of  a  coarse 
gravel.  There  was  very  little  true  mud,  and  everywhere  the  water  ran  perfectly  clear. 
Washings  for  heavy  minerals  were  made  in  the  finer  silt,  and  even  vigorous  stirrings  only 
clouded  the  water  for  a  moment  or  two.  This  fact  is  of  great  interest,  for  it  is  in 
contrast  with  the  conditions  in  other  glacier  lands.  We  never  came  across  a  stream  in 
the  Antarctic  that  was  milky.  The  point  must  not  be  strained  too  far,  however,  for 
all  the  streams  are  surface  ones,  and  probably  very  little  of  the  true  ground  moraine 
would  be  reached  by  them. 

The  best  instance  of  stream-deposits  that  we  met  with  was  immediately  north  of 
the  Davis  Valley,  already  described.  Here  the  Hobbs  Glacier  comes  nearly  to  sea-level 
and  ends  about  a  mile  from  the  sea  itself.  The  intervening  strip  was  covered  with  an 
extraordinarily  even  deposit  of  silt,  much  finer  than  the  terraces  of  Davis  Valley  and 
definitely  due  to  stream  action.  There  were  terraces  also  similar  to  those  in  Davis 
Valley,  and  indeed  the  two  instances  are  much  alike,  except  that  the  grain  of  the  silts 
was  finer  in  this  case,  and  the  wandering  stream-beds  were  so  evident  that  the  deposit 
is  classed  as  a  stream-deposit.  The  tesselations  were  very  well  marked,  and  there  is 
much  ice  in  the  silt  still.  Again  the  amount  of  true  mud  was  very  small,  and  the  bedding 
not  very  pronounced.  This  is,  however,  an  instance  of  a  more  advanced  stage  of  water- 
laid  deposit,  and  the  only  one  which  is  truly  comparable  with  those  in  the  Arctic. 

RAISED  MARINE  MUDS  AND  MIRABILITE  DEPOSITS. 

A  very  important  series  of  recent  deposits  is  that  of  marine  muds  containing  shells 
of  present-day  forms.  These  are  found  occasionally  on  the  land,  but  more  often  on  the 
surface  of  floating  glaciers  and  ice -sheets.  Associated  v/ith  them  are  deposits  of  massive 
pure  mirabilite  (sodium  sulphate).  The  origin  of  these  deposits  has  given  rise  to  much 
speculation  in  the  past,  and  has  therefore  been  treated  in  a  special  paper'*  of  which  only 
a  precis  is  given  here. 

The  raised  marine  beds  occur  in  such  positions  and  so  perfectly  preserved  that  no 
pushing  action  of  the  ice  masses  can  explain  them. 

Their  general  appearance  and  preservation  make  it  probable  that  they  have  risen 
through  the  ice.  In  any  ice-sheet  where  there  is  decrease  by  thaw  from  above  and 
increase  by  freezing  from  below,  the  bottom  ice  must  ultimately  reach  the  surface.  If  the 
sheet  were  occasionally  to  freeze  on  the  bottom  and  also  to  isolate  basins  of  sea  water, 
both  shelly  muds  and  sodium  sulphate  would  become  entangled  in  the  ice  and  would 
ultimately  reach  the  surface. 

The  numerous  instances  already  found  (see  Figs.  11  and  12)  in  South  Victoria 
Land  prove  that  this  vertical  transport  of  material  by  ice  is  going  on  over  a  wide  area 


*  F.  Debenham.  A  New  Mode  of  Transportation  by  Ice:  the  Raised  Marine  Muds  of  South  Victoria 
Land  (Antarctica).  Quart.  Journ.  Geol.  Soc.,  1920,  Vol.  75,  p.  51. 
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and  with  considerable  activity.  Although  most  of  the  effects  are  not  perpetuated, 
being  on  floating  ice,  the  few  cases  where  the  salts  and  shells  are  left  high  and  dry  on  land 
provide  a  problem  which  is  perhaps  paralleled  l)y  many  of  the  shelly  drifts  m  other 
parts  of  the  world,  and  these  may  be  susceptible  to  a  like  explanation. 

THE  MORAINIC  DEPOSITS. 

Under  the  above  title  are  included  all  deposits  connected  with  ice  moving  on  land, 
even  where  water  has  played  a  part  in  their  arrangement. 

'Idiey  fall  naturally  into  three  groups  differing  in  age  and  general  appearance.  The 
old  moraines  of  the  maximum  extension  of  the  ice  are  easily  recognised  both  by  their 
height  above  present  levels  and  their  disposition.  The  moraines  quite  recently  deposited 
are  distinguished  by  their  own  characteristics,  not  the  least  marked  being  the  frequent 
occurrence  of  old  ice  still  under  them.  Finally  there  are  the  present  “  active  ”  moraines 
on  moving  ice  or  in  the  process  of  deposition.  We  will  consider  the  last  group  first  of  all. 
It  has  frequently  been  stated  that  there  is  very  little  surface  moraine  on  the  Antarctic 
glaciers,  and  that  in  this  way  they  differ  radically  from  those  of  more  temperate  lands. 
This  appears  to  l)e  a  somewhat  dangerous  generalisation  and  needs  qualification.  It  is 
quite  true  that  the  glaciers  in  the  south  appear  at  first  sight  to  be  remarkably  free  from 
the  long  lines  of  moraine  so  typical  of  the  Swiss  and  New  Zealand  glaciers,  and  none  of 
them  have  their  proximal  ends  completely  hidden  by  surface  moraine.  In  making  a 
comparison,  however,  we  must  be  careful  to  choose  similar  zones,  and  on  doing  so  the 
difference  assumes  much  smaller  proportions.  Thus  the  end  of  a  temperate  glacier  is 
normally  well  below  the  snow-line,  where  the  ice  comes  under  very  different  conditions 
of  temperature  from  those  obtaining  in  the  Antarctic.  If  we  proceed  up  such  a  glacier 
until  we  are  above  the  snow-line,  the  conditions  are  more  similar,  and  we  find  that  the 
moraines  are  quite  comparable.  In  both  cases  we  get  the  usual  curving  lines  of  moraines, 
with  the  difference  that  the  temperate  glacier  moraine  contains  material  of  all  grades, 
while  the  polar  one  consists  chiefly  of  large  blocks,  and  there  is  a  decided  scarcity  of 
gravel  or  sand  on  the  surface.  The  actual  difference  in  amount  of  material  is  not  great, 
for  it  varies  considerably  with  the  glacier  chosen  for  comparison.  For  example,  in  the 
photograph  (Fig.  10)  the  moraines  of  the  Priestley  Glacier  are  seen  to  be  quite  equal  in 
amount  to  some  normal  temperate  moraines.  The  real  difference,  therefore,  is  with 
respect  to  the  size  of  the  boulders. 

It  has  already  been  remarked  that  the  melting  of  the  ice  by  air-temperature  is  rare, 
and  the  seasonal  thaw  is  almost  entirely  due  to  the  heat  passed  on  from  the  rocks  to 
the  ice  with  which  they  are  in  contact.  The  net  effect  of  this  action  is  to  bury  the  smaller 
blocks.  The  line  of  moraine  of  the  Ferrar  Glacier,  for  instance,  is  marked  by  a  series  of 
large  boulders  at  a  considerable  distance  apart,  but  a  closer  examination  shows  that  there 
are  many  other  boulders  half-embedded  in  the  ice,  and  frequent  patches  of  clear  ice 
show  that  there  are  still  more  a  few  inches  below  the  surface.  These  still  belona;  to 
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tlie  supra-glacial  moraine,  and  are  not  sinking  tlirougli  the  ice  to  the  bottom  of  the 
glacier. 

The  sequence  of  events  appears  to  be  somewhat  as  follows  : — When  a  boulder  first 
appears  above  the  neve  in  the  upper  reaches  of  the  glacier,  it  begins  to  form  a  basin  for 
itself  by  its  annual  heating  effect.  As  it  proceeds-  down  the  glacier  into  warmer  levels, 
this  thaw  basin  increases  in  size  and  depth  until,  if  the  boulder  be  only  of  moderate  size, 
it  completely  covers  the  boulder.  Under  normal  conditions  the  boulder  Avill  complete 
the  journey  a  little  below  the  surface,  but  variation  in  the  seasons  generally  causes  it 
sometimes  to  project  above  the  surface,  and  at  other  times  to  be  covered  over  with 
snow  on  top  of  the  thaw  ice. 

The  actual  amount  of  surface  moraine  on  Antarctic  glaciers  is,  therefore,  hard  to 


Fig.  10. — Moraine  of  the  Piiestley  Glacier,  lat.  75°  S.,  quite  equal  in 
amount  to  moraines  on  many  glaciers  of  temperate  latitudes. 


determine,  but  it  is  probably  little  less  than  that  found  on  glaciers  of  temperate  latitudes 
under  similar  conditions  of  catchment  area,  etc. 

In  the  present  instance  we  are  more  concerned  with  the  deposit  of  the  moraine 
after  it  has  been  brought  down  to  lower  levels  by  the  ice. 

Here,  again,  we  are  apt  to  infer  from  the  comparatively  small  amount  of  deposited 
moraine  that  the  action  of  polar  glaciers  is  less  than  that  of  glaciers  in  other  parts  of 
the  world.  The  real  difference  lies  in  the  fact  that  in  the  Antarctic  there  is  only  a  very 
small  amount  of  bare  land  on  which  morainic  deposits  can  collect,  and  that  the  greater- 
part  of  the  morainic  debris  from  the  land  is  deposited  in  the  sea.  It  must  again  be 
emphasised  that  the  normal  end  of  a  South  Victoria  Land  glacier  is  at  sea-level,  and 
that  the  few  that  are  found  to  end  on  the  land  itself  do  so  on  account  of  local  conditions 
affecting  supply,  and  their  number  is  comparatively  small. 

We  therefore  find  but  few  terminal  moraines,  and  those  of  a  peculiar  nature,  so  that 
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most  of  our  description  is  limited  to  the  lateral  moraines  of  the  main  outlet  glaciers 
which  have  been  left  on  the  sides  of  valleys  by  the  general  shrinkage  of  the  ice  supply. 
It  will  be  convenient  to  deal  with  them  in  approximate  order  of  age,  beginning  with 
the  old  high-level  moraines,  presumably  deposited  at  the  maximum  of  glaciation. 

Old  High-level  Moraines  of  the  Maximum  Glaciation. 

The  most  remarkable  as  well  as  the  best  known  of  these  are  the  deposits  found 
on  Hoss  Island  itself.  The  accompanying  sketch-map  (Fig.  11)  shoAvs  the  general 
distribution  of  these  moraines,  and  it  is  at  once  evident  that  they  are  referable  for  the 
most  part  to  the  Eoss  Barrier  and  not  to  local  valley  glaciers.  On  Ross  Island  their 
study  is  of  particular  interest,  as  the  erratics,  being  nearly  all  of  granites  and  other 
continental  rocks,  are  very  easily  recognised  as  such  against  the  typical  laA^as  of  the 
island. 

Their  greatest  extension  is  on  the  south-east  slopes  of  Mount  Terror,  where  the 
force  of  the  Barrier  expends  itself  in  a  glancing  direction  against  the  land.  The  moraine 
here  is  piled  up  in  a  large  terrace,  the  maximum  height  of  Avhich  above  sea-leA"el  is  from 
800  to  900  feet. 

The  curious  projection  of  Amlcanic  rock  known  as  Minna  Bluff  causes  the  Barrier 
to  pile  itself  up  in  grand  folds  on  the  southern  side  and  mount  the  peninsula  to  a  height 
of  some  hundreds  of  feet,  the  exact  height  not  being  known.  The  reason  for  mentioning 
the  fact  here  is  to  show  that  the  great  height  above  sea-level  at  which  some  of  the 
moraines  occur  does  not  mean  necessarily  that  the  Barrier  was  once  of  that  extra 
th’ckness.  In  most  of  these  cases  they  may  have  been  deposited  at  that  height  by  the 
mounting  of  the  ice  sheet  on  to  the  land.  On  the  northern  side  of  the  Bluff,  where  no 
such  mounting  has  taken  place,  the  moraines  are  found  only  to  a  moderate  height. 

On  the  southern  parts  of  the  Hut  Point  Peninsula,  where  there  is  bare  rock,  a  small 
number  of  erratics  are  found.  They  are  all  very  small  and  rarely  exceed  an  ounce  or 
two  in  weight,  and  consist  of  the  usual  collection  of  granites,  granulites,  porphyries, 
and  sandstones  which  characterise  moraines  from  the  mainland.  They  are  found 
chiefly  on  the  high  ground  north  of  the  Gap,  even  in  the  deep  crater  of  Crater  Hill  the 
summit  of  which  is  1,100  feet  high  and  has  a  sharp  edge.  These  have  usually  been 
regarded  as  a  moraine  from  the  Barrier  at  its  maximum  extension,  suggesting  that  it 
not  only  reached  a  height  of  over  1,000  feet  above  sea-level  but  that  the  perfect  forms  of 
craters  were  once  overridden  by  the  ice,  two  ideas  which  seem  exceedingly  improbable. 
The  uniformly  small  size  of  the  erratics  seems  to  be  evidence  of  the  greatest  impoidance, 
and  obviously  it  refers  the  deposits  to  Avind  action.  They  are  of  a  size  Avhich  could 
easily  be  raised  and  sAvept  for  long  distances  by  the  strong  AAunds  of  that  area,  and  the 
fact  that  they  are  particularly  common  in  comparatiA^ely  sheltered  places,  such  as  the 
bottom  of  a  crater,  is  additional  evidence  for  the  same  conclusion.  The  AA'inds  at 
present  being  prevalent  from  a  S.E.  direction,  Ave  may  for  the  moment  assume  that 
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they  came  from  a  large  moraine  which  ran  from  White  Island  to  the  slopes  of  Mount 


Proceeding  up  the  west  coast  of  Ross  Island,  we  meet  with  a  few  erratics,  some  of 
large  size,  scattered  over  the  upper  surface  of  Tent  Island  at  heights  of  200  to  400  feet. 
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None  liave  l)een  found  on  Inaccessible  Island  whicli  is  everywhere  steep,  nor  on  Cape 
Evans  which  is  low,  two  facts  which  will  be  referred  to  again.  On  the  large  extent  of 
bare  land  in  the  vicinity  of  Cape  Royds  and  Cape  Barne  we  find,  however,  a  wealth  of 
morainic  material,  which  supplies  the  fullest  evidence  we  have  of  past  ice  action 
and  has  been  mapped  and  studied  more  carefully  than  any  other  part  of  Ross 
Island. 

The  area  (Fig.  12)  consists  of  the  coastal  strip  between  Horseshoe  Bay  and  Cape 
Barne,  which,  unlike  most  of  the  coast  of  Ross  Island,  has  a  comparatively  low  gradient 
to  the  sea  and  is  not  covered  by  moving  ice.  It  is  due,  in  fact,  to  the  existence  of  a 
number  of  parasitic  cones  in  the  past,  the  largest  of  which  was  at  Cape  Barne,  where 
the  remnant  is  still  well  preserved.  The  whole  of  this  surface  is  sprinkled  more  or  less 
thickly  with  morainic  material,  which  on  close  inspection  proves  to  be  capable  of 
classification  into  types,  and  of  these  it  may  be  possible  to  infer  the  approximate 
origin,  and  hence  the  nature  and  extent  of  the  former  glaciation. 

It  is  quite  clear  that  here  one  glaciation  has  been  superseded  by  another,  and  it  is 
necessary,  therefore,  to  classify  the  moraines  less  on  their  rock  content  than  on  their 
mutual  disposition. 

The  most  striking  feature  of  the  area  is  the  large  proportion  of  terraced  moraine, 
which  gives  a  very  definite  stepped  appearance  to  the  topography.  It  occupies  the 
north  and  centre  of  the  area,  and  consists  of  terraces,  cones,  and  table-mounds  of  fine 
morainic  material.  The  terraces  are  convex  towards  the  lower  ground,  i.e.  to  the 
west,  and  in  places  are  as  marked  as  those  already  mentioned  in  Davis  Valley.  The 
material  is  to  some  extent  water-sorted  and  even  rounded,  and  some  of  the  ridges  look 
very  like  eskers  ;  at  the  same  time,  there  is  reason  to  believe  that  a  certain  proportion 
of  these  gravels  are  resting  on  ice  still.  It  consists  for  the  most  part  of  basic  volcanic 
rock  with  kenytes  in  moderate  quantities  and  comparatively  few  mainland  rocks. 

The  direction  of  the  terraces  and  the  recent  character  of  the  whole  deposit  point 
to  the  Erebus  ice-flows  as  the  chief  agent. 

There  is  also  a  small  but  very  definite  moraine  which  has  been  deposited  on  the 
sides  of  a  small  valley  to  the  north  of  the  Cape  Barne  hills,  which  includes  Terrace  Lake. 
It  is  entirely  composed  of  kenyte,  the  typical  lava  of  Erebus  itself,  and  of  friable 
tufaceous  muds  ;  the  latter  show  a  hexagonal  structure  due  to  being  frozen  while 
saturated  with  water.  It  is  obviously  due  to  an  overflow  of  the  present  Barne  Glacier, 
which,  when  a  hundred  feet  higher,  would  be  tleflected  in  part  into  this  valley  by  the 
coastal  basalt  hills. 

The  most  interesting  of  the  types  of  moraine  in  the  area,  however,  is  the  one  that 
is  almost  destroyed  by  later  deposits,  the  erratics  of  mainland  rocks.  These  are 
not  deposited  in  any  definite  arrangement,  as  is  the  case  at  Cape  Crozier,  but  are 
found  over  most  of  the  area  ;  and  the  rough  rule  holds  that  the  nearer  the  sea  the 
larger  the  blocks.  They  are  reported  up  to  a  height  of  1,200  feet,  but  we  found  none 
alcove  900  feet,  and  those  were  small.  Allowing  for  the  possible  action  of  wind,  it  seems 
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Fig.  12. — Drift  Map  of  Cape  Royds. 
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safer  to  take  the  maximum  height  of  erratics  of  these  rocks  as  in  the  neighbourhood  of 
1,000  feet.  The  types  of  rock,  in  descending  order  of  frequency,  are  as  follows  : — 

Grey  Granites,  Schists  and  Gneisses, 

Pink  Granites,  Sandstones, 

Dolerites,  Crystalline  Limestones. 

To  these  might  be  added  basalts  near  the  top  of  the  list,  but  it  is  difficult  to  differentiate 
l)etween  a  Ross  Island  basalt  and  a  dolerite  from  the  mainland  in  hand  specimens. 
Lrratics  of  similar  types  are  common  along  the  coast  of  South  Victoria  Land  from 
Granite  Harbour  down  to  the  region  of  the  Beardmore  Glacier  in  84°  S.  Most  of 
them  are  rounded,  from  frost  action  rather  than  from  water,  and  many  of  the  granite 
blocks  lie  in  a  bed  of  their  own  weathered  gravel.  No  definite  inclusions  of  these 
erratics  were  found  in  the  local  lava,  and  they  are  therefore  probably  later  than  the 
youngest  lavas  of  this  area.  It  is  seen,  therefore,  that  there  is  a  sprinkling  of 
mainland  rocks  over  most  of  the  area  without  very  definite  arrangement. 

These  erratics  have  been  hitherto  referred  to  the  ice  flood  of  the  Barrier,  and  it 
has  been  assumed  that  to  deposit  them  the  Barrier  must  at  one  time  have  been  at  least 
1,000  feet  higher  above  sea-level  than  it  is  now.  It  is  true  that,  if  these  erratics  were 
deposited  as  a  lateral  of  the  former  Barrier  extension  sweeping  up  McMurdo  Sound,  it 
would  be  natural  to  assume  that  the  average  surface  of  the  depositing  ice  was  about 
the  lieight  of  the  moraine,  but  there  appears  to  be  no  need  to  regard  it  as  a  lateral. 

The  difficulty  of  reconciling  an  extra  thousand  feet  of  ice-sheet  above  sea-level, 
that  is,  a  total  thickness  of  something  like  5,000  feet,  with  the  other  facts  of  the  maxunum 
extension  are  too  great  to  be  ignored,  and  I  take  the  view  that  not  only  was  the  Barrier 
not  immediately  concerned  with  these  moraines,  but  that  another  600  feet  only  of 
total  thickness  of  the  McMurdo  ice-sheet  would  suffice  for  the  deposition  of  these  erratics. 

A  glance  at  the  sketch-map  (Fig.  11)  shows  that  the  present  iMcMurdo  ice-sheet 
is  composed  of  two  parts,  the  western  part  being  derived  entirely  from  the  Koettlitz 
Glacier  and  the  eastern  l)eing  an  overflow  from  the  Barrier,  the  real  direction  of  motion 
of  which  takes  it  well  outside  White  Lsland  in  the  direction  of  iMount  Terror. 

The  two  component  parts  of  this  sheet  have  at  present  an  equal  value  as  to  rate 
of  motion  and  supply  of  ice,  for  their  moraines  combine  to  form  a  large  medial  moraine 
of  great  width  whose  direction  (thick  arrows  on  the  map)  is  up  the  middle  of  the  Sound. 
Let  us  see  what  would  be  the  effect  of  an  increased  precipitation  and  supply  over  the 
whole  area,  and  let  us  assume  that  it  be  of  such  dimensions  as  to  bring  the  surface  of 
the  sheet  to  a  height  of  150  or  200  feet  above  the  level  of  the  sea,  the  same  height,  in 
fact,  as  a  great  deal  of  the  eastern  end  of  the  Barrier  face  is  to-day. 

We  must  first  examine  more  carefully  the  nature  of  the  Barrier  overflow  into  iMciMurdo 
Sound.  As  shown  in  the  ma]),  there  is  a  rocky  bar  l)etween  Black  and  White  Islands, 
which  must  come  very  near  sea-level.  There  is  also  good  reason  to  suspect  similar  but 
lower  bars  between  White  and  Ross  Islands  and  between  Black  and  Brown  Islands. 
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In  any  case,  it  is  clear  that  the  only  unrestricted  course  for  the  present  overflow  is  the 
sinuous  one  to  the  south  of  Black  Island  and  between  that  island  and  Brown  Island, 
If  now  the  surface  of  the  Barrier  were  100  feet  higher,  the  overflow,  while  being  greater, 
would  be  still  restricted  by  these  bars,  besides  being  probably  aground  between  the 
islands  mentioned.  Such  an  increase  in  supply  would,  however,  have  the  opposite 
effect  on  the  Koettlitz  and  other  western  glaciers  whose  course  in  the  Sound  itself  is 
barred  by  nothing  more  serious  than  the  small  group  of  the  Dailey  Islands. 

The  actual  course  of  the  ice-flows  and  of  their  surface  moraines  depends  on  the 
depths  of  the  sea  at  the  southern  end  of  the  Sound,  about  which  little  is  known.  If  we 
suppose  in  the  first  place  that  the  overflow  from  the  Barrier  would  be  still  of  some 
importance  under  the  postulated  conditions,  we  should  get  a  general  direction  up  the 
Sound,  as  shown  by  the  medium  arrows  on  the  map.  The  present  nice  balance  between 
the  two  halves  of  the  sheet  would  be  greatly  disturbed  in  favour  of  the  western  half, 
and  the  moraines  would  be  swept  round  to  the  east  after  leaving  the  shelter  of  Brown 
Island  and  reach  the  western  coast  of  Ross  Island  more  or  less  at  right  angles.  The  ice- 
flows  from  Ross  Island  itself  would,  of  course,  be  increased  under  such  conditions,  and 
the  McMurdo  sheet  would  only  make  direct  contact  with  the  land  where  the  local  glaciers 
were  thinner  and  could  be  deflected  or  reversed.  This  would  especially  be  the  case  on 
the  Cape  Royds  area  and  on  the  present  bare  land  to  the  west  of  Mount  Bird.  The 
erratics  reaching  these  places  would,  therefore,  be  largely  composed  of  rocks  from  the 
Royal  Society  Range,  and  those  found  there  are  certainly  common  in  the  foothills  of 
the  west.  Tent  Island  and  Inaccessible  Island  would  be  covered  with  the  sheet,  and  as 
it  retired  would  receive  a  proportion  of  the  moraine.  This  is  definitely  so  in  the  former 
case,  but  in  the  latter  the  steep  sides  of  the  island  have  prevented  them  from  finding 
lodgment.  As  the  precipitation  decreased,  the  sheet  would  not  only  retire,  but  the 
general  direction  of  the  moraines  would  swing  back  towards  the  centre  of  the  Sound. 
The  reason  why  there  are  no  western  erratics  on  Cape  Evans  is  because  the  Barne  Glacier 
itself  under  such  conditions  would  flow  over  the  low  cape  and  prevent  the  main  ice- 
sheet  reaching  it. 

If,  on  the  other  hand,  we  suppose  that  the  depth  of  the  sea-floor  in  the  south-east 
of  the  Sound  is  so  little  that  with  the  increased  supply  all  the  overflow  from  the  Barrier 
would  be  aground,  we  should  get  still  another  direction  of  flow,  as  shown  by  the  thin 
arrows  on  the  map.  The  region  of  Black  and  White  Islands  would  become  a  sort  of  ice- 
eddy  with  comparatively  little  movement  and  a  large  amount  of  surface  moraine,  while 
the  main  mass  moved  past  it  to  the  east  of  White  Island.  The  western  glaciers  would 
then  be  still  less  deflected  from  their  natural  course  across  the  Sound.  This  direction  of 
movement  would  explain  the  massive  terraces  of  mainland  rocks  on  the  slope  of  Mount 
Terror  and  also  the  wind-borne  material  on  the  Hut  Point  Peninsula,  which  must  have 
come  from  a  south-east  direction  under  the  present  wind  conditions. 

According  to  the  above  views,  therefore,  the  erratics  of  Cape  Royds  were  deposited  by 
an  ice-sheet  abutting  more  or  less  directly  on  the  land,  under  which  conditions  it  is  quite 
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possible  for  it  to  mount  to  a  height  of  1,000  feet  above  sea-level,  as  is  now  happening  at  the 
eastern  end  of  the  lloss  Barrier.  The  moraines  were  probably  deposited  as  a  series  of 
rough  terraces  like  those  on  the  slopes  of  Terror,  but  as  the  main  sheet  retired  these  would 
be  invaded  by  the  local  glaciers  and  redistributed  on  the  lower  slopes.  One  very  definite 
flow  came  from  the  side  of  Erebus  in  the  direction  of  Cape  Eoyds  itself,  and  deposited 
both  its  own  moraine  and  that  gathered  from  the  older  moraines  in  the  series  of  terraces 
now  found  there.  In  the  formation  of  these,  water  has  evidently  played  a  considerable 
part,  but  it  is  not  easy  to  see  under  what  circumstances.  Possibly  a  series  of  lakes  was 
formed  in  which  the  deposits  were  laid  down  in  the  way  we  have  outlined'for  the  terraces 
of  Davis  Valley.  A  certain  proportion  of  the  original  mainland  erratics  was  left  over 
all  the  ground  formerly  covered  by  the  old  moraines,  the  larger  ones  being  for  the  most 
part  removed  to  the  lower  ground. 

The  last  stage  in  the  deposition  of  moraine  on  the  area  is  very  recent  indeed, 
when  the  Barne  Glacier  lodged  the  kenyte  in  the  little  valley  to  the  north  of  Cape 
Barne. 

It  will  be  of  interest  to  observe  what  the  valley  glaciers  of  the  west  were  doing 
during  this  maximum  period  of  glaciation,  and  the  record  is  particularly  clear  in  the 
valleys  of  the  Ferrar  and  Taylor  Glaciers. 

The  sides  of  both  these  vajleys  are  clothed  up  to  a  certain  level  with  a  mixture  of 
talus  and  old  moraine,  the  limits  of  which  are  easily  recognisable  from  a  distance.  The 
height  to  which  this  old  moraine  reaches  varies  a  good  deal,  both  with  the  distance 
from  the  plateau,  and,  what  is  more  important,  with  the  bed  of  the  valley  itself. 
Notwithstanding  the  higher  figures  that  have  been  given  in  the  past,  I  am  of  the  opinion 
that  the  moraines  are  rarely  found  more  than  1,500  feet  above  the  present  surface  of  the 
ice,  and  in  the  valley  of  the  Lower  Ferrar  they  cannot  definitely  be  said  to  be  more  than 
800  feet  above  the  present  glacier  surface.  The  higher  figure,  1,500  feet,  was  obtained 
from  a  climb  up  the  side  of  Dry  Valley  immediately  above  the  end  of  the  Taylor  Glacier. 
We  must  be  cautious,  however,  in  applying  figures  to  the  former  extension  of  the  ice  over 
the  whole  area.  In  this  particular  case,  for  instance,  though  the  glacier  did  definitely 
reach  to  a  point  1,500  feet  above  its  present  level  and  nearly  2,000  feet  above  the  bed 
of  the  valley,  it  was  because  farther  down  the  valley  there  is  a  huge  barrier  to  the  flow 
of  the  glacier,  now  called  Mount  Nussbaum,  which  would  cause  the  ice  to  pile  up  behind  it. 
The  high-level  moraines  at  a  similar  position  on  the  sides  of  the  neighbouring  Ferrar 
Valley  are  not  more  than  700  or  800  feet  above  the  glacier.  Even  with  these  qualifications 
the  height  of  the  old  moraines  is  sufficiently  difficult  to  account  for.  We  have  the  choice 
of  two  explanations — one,  that  the  former  precipitation  was  such  that  the  ice  did  actually 
reach  a  thickness  of  over  2,000  feet ;  and  the  other,  that  since  the  highest  level  of  the  ice 
the  bed  of  the  valley  has  been  worn  down.  Without  going  into  the  arguments  on  either 
side,  we  may  assume  that  l)oth  theories  are  applicable,  Avith  rather  less  evidence  in  favour 
of  the  heavy  erosion  of  the  valley.  The  height  of  these  old  laterals  has  been  cited 
as  additional  evidence  to  prove  that  the  original  Barrier  surface  was  about  1,000  feet 
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higher  than  at  present  in  the  Sonnd  and  helped  to  bank  up  the  valley  glaciers,  but  it 
does  not  seem  necessary  to  credit  the  Barrier  with  such  huge  proportions. 

An  interesting  discovery  was  made  in  the  Dry  Valley  in  connection  with  these  high- 
level  moraines.  On  the  shoulders  of  the  valley  just  lielow  the  highest  moraines,  there  are 
two  or  three  centres  of  volcanic  activity  (Figs.  13  and  14),  one  of  which  at  least  was 
active  after  the  maximum  extension  of  the  ice.  The  existence  of  a  small  active  crater 
just  above  the  ice  of  a  large  outlet  glacier  must  be  somewhat  imnsnal. 

Another  large  series  of  moraines  which  requires  notice  is  that  which  borders  the 
valley  of  the  Koettlitz,  and  may  be  called  the  low-level  laterals  of  that  glacier.  These  are 
the  most  extensive  of  any  moraines  in  the  Ross  Sea  as  far  as  known,  covering  a  stretch  of 


Fig.  13. — Recent  crater  in  high-level  moraines  of  Dry  Valley. 


coast  at  least  30  miles  long  to  an  average  width  of  about  one  mile.  They  represent  the 
lateral  moraines  of  the  former  Koettlitz,  together  with  the  contributions  of  the  small 
tributary  glaciers  on  the  north  side  which  are  now  all  withdrawn  to  the  upper  ends  of 
their  respective  valleys.  The  height  of  the  moraines  above  the  present  level  of  the  lower 
glacier  is  of  the  order  of  400  feet  at  the  northern  end,  but  it  is  somewhat  difficult  to  decide 
how  much  is  due  to  the  tributaries  and  how  innch  to  the  main  flow,  so  that  the  height 
cannot  be  applied  without  care  to  the  solution  of  the  former  height  of  the  McMnrdo 
sheet. 

The  material  of  the  moraines  is  very  diverse,  consisting  as  it  does  of  all  the  varieties 
of  rock  met  with  on  the  mainland  except  the  sandstones  which  were  either  absent  or 
very  rare.  This  is  not  remarkable,  since  the  Beacon  Sandstone  is  generally  very  friable 
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and  does  not  stand  transportation  over  long  distances  without  disintegration.  The 
most  constant  constituent  of  the  moraines  is  volcanic  rock,  chiefly  basaltic  with  a 
large  proportion  of  olivine,  but  occasionally  blocks  of  kenyte,  the  typical  lava  of 
Erebus.  Kenyte  had  formerly  been  found  in  the  neighbourhood  of  the  Ferrar 
Glacier,  and  had  been  cited  as  evidence  of  transport  from  the  eastern  side  of  the 
Sound  to  the  west.  The  finding  of  these  kenyte  blocks  in  the  Koettlitz  region 


Fig.  14. — Sketcli-inap  of  recent  craters  in  Dry  Valley. 


disposed  of  this  theory  and  established  the  existence  of  another  centre  of  kenyte 
lavas  in  the  west. 

The  most  striking  feature  of  these  lateral  moraines,  however,  is  that  a  very  large 
part  of  them  is  still  resting  on  ice  which  is  protected  from  superficial  thaw  by  the 
thickness  of  the  covering.  It  is,  in  fact,  similar  to  the  lower  end  of  many  of  the  New 
Zealand  and  Swiss  glaciers,  where  the  ice  of  the  glacier  is  not  seen  for  perhaps  a  mile 
or  two  from  the  snout.  The  difference  in  the  climate  and  the  fact  that  the  Koettlitz 
ice  is  not  moving  are  the  cause  of  further  differences  of  an  important  character, 
which  will  be  dealt  with  more  fully. 
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In  the  first  place  they  are  unlike  the  surface  moraines  of  a  temperate  glacier  in 
their  topography  which  is  somewhat  unique  and  deserves  description. 

These  ice-borne  moraines  resemble  nothing  so  much  as  giant  relief  models,  or  whole 
countries  in  miniature  (Fig.  15).  It  is  as  if  Switzerland,  for  instance,  were  dwarfed 
until  Mont  Blanc  was  only  50  feet  in  height.  '  All  the  forms  of  topography  are 
reproduced.  Here  are  inland  seas  the  size  of  a  large  room,  with  rocky  islets  dotting 
their  surface.  Here  are  winding  rivers,  complete  with  watersheds,  tributaries,  and 
deltas,  emptying  into  the  seas  after  a  course  of  some  hundreds  of  yards  through  canyons 
the  height  of  a  man,  and  over  falls  the  height  of  a  water-butt.  They  are  frozen  for 
fifty  weeks  in  the  year,  but  during  their  short  spell  of  active  life  they  mimic  with  perfect 
fidelity  the  rivers  and  lakes  of  a  normal  size. 

Between  the  watercourses  are  mountain  ranges,  plateaus,  and  dissected  peneplains 


Fig.  15. — Ice-borne  moraines  stranded  on  the  west  coast  of 
McMurdo  Sound.  Showing  the  miniature  scenery. 


of  every  variety,  and  no  better  testimony  can  be  given  than  that  the  whole  system 
would  form  a  perfectly  ideal  model  on  a  large  scale  for  lectures  on  physiography.  The 
commonest  feature  of  all,  however,  was  the  existence  of  innumerable  circular  lakes, 
rarely  more  than  ten  yards  or  so  in  diameter,  which  displayed  miniature  terraces  on 
their  steep  sides,  not  of  water-worn  material  but  of  algae  which  had  lived  at  the  edge 
of  the  lakelet  when  it  was  at  that  level.  All  this  may  be  seen  for  a  mile  or  so  without 
coming  upon  any  evidence  of  the  ice  underneath,  and,  in  fact,  the  miniature  scenery 
was  a  source  of  great  argument  until  the  solution  was  found  on  coming  to  a  small 
cliff-face  of  ice. 

The  moraine  covering  the  ice  is  everywhere  fairly  thick,  and  for  the  most  part 
consists  of  small  stones,  chiefly  black  basalt  and  fine  silt,  though  here  and  there  a  larger 
block  would  crown  a  small  peak. 

The  moraine  being  thick  enough  to  protect  the  ice  from  direct  thaw,  and  the  ice 
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itself  being  almost  stationary,  the  formation  of  this  miniature  landscape  is  somewbat 
as  follows  : — 

Wherever  a  small  stream  began,  it  would  eat  its  way  down  into  the  ice  in  much 
the  same  way  as  stream  erosion  takes  place  on  land.  As  the  ice  itself  is  full  of  silt, 
the  thawing  is  very  slow,  and  may  be  held  up  altogether  for  a  while  by  the  fall  of  loose 
material  into  the  bed.  Wherever  the  bed  is  approximately  level,  the  small  silt  brought 
down  by  the  stream  will  be  deposited  as  a  miniature  river  alluvium  and  will  help  to 
preserve  the  ice  underneath,  and  where  the  stream  reaches  a  lakelet  a  delta  of  the  silt 
is  formed.  Where  there  is  no  outlet  for  the  first  stages  of  thaw  in  any  place,  the  pool 
of  water  collects  in  any  depression  and  itself  continues  the  thaw.  During  the  winter 
the  surface  of  the  pool  loses  by  ablation,  and  for  the  next  summer  the  depression  is 
deeper.  The  deeper  it  gets,  the  more  thaw  takes  place  from  the  heated  sides  of  the 
basin  until,  when  the  latter  is  some  20  feet  deep,  the  water  itself  may  be  as  much  as 
6  or  8  feet  deep.  The  algae  take  advantage  of  these  warm  pools  and  flourish  in 
the  summer.  Occasionally  the  water  will  escape  from  a  contraction  crack  forming 
in  the  ice,  and  a  sudden  change  of  level  will  take  place,  the  line  of  algae  remaining  to 
mark  the  former  strand  line.  Again,  where  the  moraine  is  so  thick  that  no  heat 
will  penetrate  through  to  the  ice  beneath,  no  thaw  will  take  place,  and  a  plateau  will 
be  formed. 

The  whole  process  is  perfectly  clear  when  the  key  to  it  is  provided — that  is,  the 
existence  of  the  ice  below — and  its  results  are  unique. 

The  moraines  are,  therefore,  stranded  on  ice,  and  whatever  movement  there  is 
appears  to  be  quite  local  and  independent  of  the  remains  of  the  parent  glacier  Avhich 
lies  to  the  south  and  east  of  the  fringe  of  moraine,  generally  separated  from  it  by  some 
such  large  stream  as  the  Alph  River  mentioned  above  (p.  78).  They  are  of  course 
gradually  shrinking  under  the  process,  and  the  final  result  will  be  a  fringe  of  what 
would  be  called  normal  moraine  with  a  high  proportion  of  silt,  except  for  two  contrasted 
deposits  which  a  careful  search  would  reveal.  These  deposits  are,  firstly,  the  layers  of 
algae  which  in  places  may  reach  a  thickness  of  a  foot  ;  and,  secondly,  the  occurrence 
of  sodium  sulphate  and  recent  marine  shells  (page  79).  These  two  were  found  by  us 
in  actual  juxtaposition,  and  at  the  time  were  completely  beyond  our  explanation. 

It  is  easy  to  see  that  under  warmer  conditions,  such  as  in  the  Arctic  regions,  where 
there  is  an  abundance  of  forms  of  life,  such  a  moraine  might  include  even  thick  peat 
deposits  with  fossil  bones  long  before  the  ice  had  completely  disappeared  from 
beneath  the  deposit. 

The  proportion  of  ice  under  the  surface  increases  as  one  ascends  the  glacier,  if  one 
can  speak  of  ascent  when  the  actual  rise  is  only  about  100  feet  in  20  miles,  and  opposite 
Heald  Island  the  ice-borne  moraine  is  seamed  with  really  large  stream-channels  and 
gorges.  Here  the  walls  of  ice  are  easily  seen,  and  the  water  has  cut  for  itself  long 
tunnels  through  the  ice  as  in  any  temperate  glacier. 

The  ice-borne  and  the  true  moraine  cannot  be  easily  tlistinguished,  but  I  am 


RECENT  AND  Lr)CAL  DEPOSITS  OF  McMURDO  SOUND-DEBENIIAM. 


93 


inclined  to  think  that  the  former  may  in  places  reach  the  height  of  80  or  100  feet  above 
the  present  level  of  the  glacier.  Beyond  that,  the  more  normal  moraine  covers  the 
slopes  of  the  broad  valley  sides  up  to  a  height  of  400  feet  or  so,  and  much  more  near 
the  months  of  the  tributary  valleys. 

Terminal  Moraines. 

In  a  terminal  moraine  one  generally  expects  to  see  a  huge  rampart  of  mixed  rocks 
lying  athwart  a  valley,  as  in  the  case  of  the  Alpine  glaciers.  This  form  of  terminal  is 
never  met  with  in  the  Antarctic,  and  its  absence  requires  some  explanation.  Although 
in  the  tributary  valleys  of  the  Koettlitz  Glacier  there  are  huge  bars  across  the  month, 
these  are  definitely  due  to  the  lateral  deposit  of  the  main  glacier  and  not  to  the  terminal 
deposit  of  the  tributary.  In  every  case  where  a  glacier  has  been  retreating  up  its 
valley,  as  in  these  cases  or  in  the  case  of  Dry  Valley,  the  deposit  of  moraine  has  been 
gradual,  and  the  bed  of  the  valley  is  more  or  less  evenly  coated  with  the  debris.  The 
same  thing  also  occurs  at  Cape  Bernacchi,  where  the  Wilson  Piedmont  Glacier  has 
already  retreated  some  miles. 

Not  only  are  there  no  ancient  terminal  moraines,  but  there  are  no  present-day 
ones  worthy  of  the  name.  Every  glacier  that  ends  on  land  ends  in  a  sheer  face  and 
has  below  it  merely  silts  and  muds  washed  off  the  glacier,  together  with  a  small 
proportion  of  boulders.  Yet,  as  shown  above,  there  is  ample  surface  moraine  of  large 
erratics  to  form  respectable  terminal  moraines,  and  the  question  is  what  becomes  of 
these,  or,  rather,  why  do  they  not  collect  at  the  end  ?  The  answer  to  the  problem 
appears  to  lie  in  the  small  differential  movement  of  these  glaciers. 

In  a  normal  temjierate  glacier  the  rate  of  movement  of  different  parts  of  the  glacier 
may  vary  enormously.  It  may,  for  instance,  have  a  high  rate  of  movement  at  the 
middle  of  its  course  and  yet  be  stationary  or  retreating  at  its  end.  The  reason  for  the 
apparent  anomaly  is,  of  course,  the  great  change  in  temperature  conditions  along  its 
course,  and  the  effect  is  to  pile  up  all  the  material  at  the  lower  end  and  form  the  gigantic 
ramparts  that  are  so  common  in  the  Alps  and  elsewhere.  In  the  Antarctic,  however, 
and  almost  equally  so  in  the  Arctic,  the  change  in  temperature  conditions  along  the 
course  of  a  glacier  is  not  very  marked  and  may  be  so  little  as  to  be  negligible.  (It 
must  be  remembered  that  the  temperature  change  which  is  of  extreme  importance 
is  what  may  be  called  the  thaw-point — that  is,  the  condition  under  which  thawing 
from  air  temperature  takes  place — and  this  is  rarely  reached  in  the  Antarctic.) 
The  result  is  that  there  is  very  little  differentiation  of  rate  of  movement  in  the 
glaciers. 

Putting  the  matter  in  another  way,  two  boulders  that  fall  on  the  neve  of  a  temperate 
glacier  100  yards  apart  will  decrease  this  distance  on  the  journey  down  the  glacier,  and 
may  be  together  at  the  end.  In  an  Antarctic  glacier,  on  the  other  hand,  they  will 
remain  at  100  yards  distance,  or  nearly  so,  all  the  way. 

The  question  then  follows  as  to  what  is  happening  at  the  end  of  these  glaciers. 
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since  tlie  loss  ])y  thaw  is  so  inappreciable  ;  why  do  they  disappear  at  all,  and  how  do 
they  get  rid  of  material  ?  The  answer  is  that,  as  stated  above,  the  normal  end  for  an 
Antarctic  glacier  is  in  the  sea  where  it  breaks  off  periodically,  and  the  material  is  never 
collected  together.  When  abnormal  conditions  supervene,  such  as  a  shrinkage  of 
supply,  so  that  the  glacier  can  no  longer  reach  the  sea,  it  does  not  mean  so  much  that  it 
has  not  time  to  reach  the  sea  before  melting,  as  that  the  supply,  coupled  with  the  very 
slow  motion,  is  gradually  ceasing.  It  gradually  disappears  by  thaw,  as  in  the  case  of 
the  Dry  Valley  Glacier,  but  very  slowly  and  evenly,  and  there  is  still  too  little  differential 
movement  to  collect  the  moraine  together  appreciably. 

The  absence  of  piled-up  terminal  moraines  is  therefore  due,  I  thmk,  almost  entirely 
to  the  temperature  conditions,  which  affect  the  differential  movement  and  tend  to  prevent 
the  accumulation  of  material  anywhere  on  the  glacier  itself.  A  contributing  cause  is  the 
slowness  of  the  motion  and  the  continuous  and  even  retreat  of  any  glacier  whose  supply 
is  failing. 

Whatever  explanation  be  accepted,  the  undoubted  fact  of  their  absence  is  a  point 
of  considerable  importance  and  leads  us  to  the  conclusion  that,  where  the  snow-line  is 
truly  at  sea-level,  glaciers  will  normally  reach  the  sea,  and  there  will,  in  any  case,  be 
no  large  terminal  moraines. 

While  on  the  subject  of  moraines,  it  will  be  convenient  to  include  some  remarks 
on  striated  boulders  and  rock  platforms,  since  it  is  by  these  that  many  moraines  are 
recognised  as  such  in  temperate  countries. 

The  scarcity,  in  fact  almost  complete  absence,  of  striated  boulders  in  the  moraines 
of  the  Antarctic  has  been  noted  by  several  former  geologists,  and  needs  explanation, 
for  it  is  apt  to  be  taken  as  direct  evidence  of  a  small  amount  of  ice  erosion. 

In  the  course  of  the  examination  of  many  miles  of  moraine,  we  found  only  a  few 
specimens  of  striated  bonhiers  or  small  stones,  certainly  not  more  than  fifty  good  cases, 
whereas  on  the  terminal  moraines  of  many  temperate  glaciers  they  may  be  picked  up  every 
few  yards.  This  is  a  very  striking  contrast,  but  it  appears  to  be  capable  of  a  perfectly 
normal  explanation. 

In  the  first  place,  there  are  very  few  true  terminal  moraines  in  the  Antarctic,  and 
consequently  few  bonhiers  which  have  been  in  the  ground  moraine  of  a  glacier.  By 
far  the  greater  majority  of  moraines  are  composed  of  rocks  which  have  never  been  below 
the  surface  of  the  carrying  glacier.  The  true  ground  moraine,  which  undoubtedly 
exists  in  the  glaciers,  is  carried  to  its  proper  termination,  the  sea,  in  all  cases  except 
the  comparatively  few  where  the  glacier  now  ends  on  land,  and  in  these  cases  the  motion 
and  consequent  al)ility  to  erode  is  deficient.  We  should,  therefore,  seek  for  striated 
bonhiers  on  the  sea-floor  rather  than  on  the  land,  and  such  a  search  is  rewarded.  In  the 
dredgings  which  have  luought  up  a  number  of  rocks  in  Ross  Sea  there  is  often  a  striated 
boulder,  and  the  pro])ortion  is  far  higher  than  is  ever  found  on  land. 

Another  reason  for  the  rarity  of  striated  boulders  on  land  is  the  rapid  weathering 
of  the  rocks  by  sul)-aerial  agents,  notably  wind  and  frost.  This  has  been  pointed  out 
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by  Professor  David  for  the  Cape  Royds  area,  where  striations  are  never  seen  on  the 
upper  surface  of  rocks,  but  an  occasional  example  may  be  found  by  examining  the  under 
surface  where  it  has  been  protected  from  the  air. 

If  there  is  a  normal  amount  of  snb-glacial  erosion  taking  place  in  the  South,  and  one 
product  of  it,  striated  erratics,  is  lost  to  view  in  the  sea,  we  should  be  able  to  find  the 
other  product,  striated  platforms,  in  fair  proportions,  and  this  is  so.  On  account  of 
the  rapid  effect  of  the  sub-aerial  weathering,  we  do  not  find  very  clear  striations  on  rocks 
that  have  been  for  a  long  period  uncovered  by  the  ice,  though  the  general  effects  of 
erosion,  the  “  roche  moutonnee  ”  form,  remain  distinct.  These  are  very  definite  along 
the  coast,  where  not  hidden  by  lateral  moraine,  and  on  a  large  scale  are  best  seen  in  the 
Dry  Valley,  where  the  massive  bars  of  rock  present  a  very  rounded  aspect  and  the  curve 
of  the  valley-bed  is  characteristic. 

Where  the  surface  of  the  rock  has  but  recently  been  uncovered  by  the  ice-stream, 
however,  striated  platforms  are  found  in  great  profusion.  The  best  examples  were 
found  on  the  Mackay  Glacier  in  Granite  Harbour,  and  a  short  description  of  them  may 
be  of  interest. 

The  map  (Fig.  16)  shows  that  this  glacier  meets  many  obstructions  which  it  has 
either  surmounted  or  passed  round,  and  most  of  these  show  the  recent  gradual  retirement 
of  the  ice,  or  rather  the  decrease  in  supply.  Taking  two  cases  at  sea-level  first,  the 
points  which  have  been  named  Cuff  Cape  and  the  Devil’s  Punchbowl,  it  will  be  observed 
that  in  each  case  the  ice-flow  has  obviously  only  recently  ceased  to  pass  right  over  the 
rock.  At  Cuff  Cape,  in  fact,  it  is  still  fringing  the  upper  portion  of  the  small  cape  like  a 
white  cuff  on  a  dark  hand,  and  the  rocks  bear  witness  to  its  recent  retreat.  The  Cape 
is  formed  of  coarse  granite  intersected  by  numerous  small  dark  basic  dykes,  and  the 
former,  being  more  susceptible  to  frost  weathering,  shows  the  rounded  forms  only, 
except  close  under  the  present  front  of  the  ice  where  the  striations  are  clear.  The 
dyke  rock,  being  very  hard  and  fine-grained,  has  all  over  the  Cape  retained  striae. 
There  were  also  several  striated  erratics  on  the  Cape,  as  one  would  expect,  for  the  ground 
moraine  of  a  glacier  in  full  action  is  here  intercepted  and  dropped. 

The  Punchbowl,  at  the  south  side  of  the  Harbour,  is  a  most  interesting  place 
for  many  reasons,  and  shows  by  its  form  alone  how  recently  it  was  covered  by  the 
glacier.  Striated  platforms  of  rock  were  to  be  found  all  along  the  narrow  ridge  on 
the  southern  side  as  well  as  on  the  summit  of  the  Thumb,  which  is  now  250  feet 
above  the  glacier.  As  on  Cuff  Cape,  the  best  striae  are  found  on  the  fine-grained 
dyke  rocks. 

Some  six  or  seven  miles  up  the  glacier  from  the  sea  there  is  a  large  nunatak  named 
Mount  Suess  by  Professor  David,  and  on  the  northern  end  of  this  outcrop  the  rock  is 
comparatively  low  and  has  only  been  recently  uncovered  by  the  ice.  The  gradient  of 
the  ice-flow  is  very  steep  here,  and  all  the  conditions  for  erosion  are  present,  so  that  we 
find  ample  evidence  of  its  effect.  All  over  the  low  promontory  were  striated  pave¬ 
ments  of  the  red  and  grey  granite  that  is  the  chief  rock,  and  piled  over  them  were  numerous 
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erratics,  many  of  them  perclied  in  the  most  insecure  and  transitory  positions  (Fig.  17). 
A  considerable  jDroportion  of  them  were  themselves  striated,  and  specimens  of  perfect 
parallel  striae  were  to  be  found  at  every  step  in  both  the  coarse  and  fine  varieties  of  rock. 

To  sum  up  on  the  subject  of  striations,  it  should  be  clear  now  that  the  rarity  of 
striated  stones  and  boulders  is  natural  under  the  circumstances,  and  that  it  cannot 
in  any  way  be  used  as  an  argument  against  effective  erosion.  When  looked  for  in  the 
proper  places  they  are  as  abundant  as  in  any  other  glaciated  region,  but  in  the  valleys 
south  of  the  Ferrar  Glacier,  which  contain  stagnant  ice  only,  they  are  reduced  to  a 
minimum,  the  products  of  erosion  here  having  been  distributed  in  the  sea  when  the 
glaciers  were  active  and  reached  their  proper  level. 


Fig.  17. — Stepped  structure  o£  the  granite  of  Gondola  Ridge,  Granite  Harbour,  showing 
the  effect  of  a  recent  covering  of  moving  ice  whicli  has  deposited  the  erratics. 


Boulder  Clay. 

Just  as  the  rarity  of  striated  boidders  in  the  South  is  at  first  sight  a  great  surprise, 
so  is  the  almost  complete  absence  of  boulder  clay  on  land,  for  those  two  in  other  regions 
are  the  chief  marks  left  of  an  ice  age  ;  but  again  a  little  consideration  shows  that  this 
absence  is  only  natural  at  the  present  stage  of  glaciation. 

It  is  clear  that  the  material  which  forms  the  till  or  boulder  clay  is  that  which  is 
included  in  the  ice  chiefly  towards  the  base.  Whether  it  consists  of  “  rock-flour  ”  or 
of  wind-borne  particles  does  not  concern  us  now.  In  many  places  the  sheer  walls  of 
glaciers  can  be  seen,  and  almost  invariably  the  lower  part  of  the  ice  is  filled  with  fine 
material  which  is  arranged  in  fine  bands  (Fig.  18).  This  material  is  so  thick  towards 
the  base  that  it  is  often  impossible  to  say  where  the  ice  ends  and  the  floor  of  the  valley 
begins.  In  these  respects  the  Antarctic  glaciers  are  precisely  similar  to  those  of  North 
Greenland  and  Spitsbergen. 

Q  2 
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Together  with  the  fine  material  is  a  certain  proportion  of  coarse  gravel  and  an 
occasional  larger  block.  We  must  pay  some  attention  to  the  finer  material  in  order  to 
understand  the  aljsence  of  real  clays,  and  we  find  that  very  little  of  it  can  be  considered 
as  smaller  than  fine  sand,  and  it  may  be  called  a  silt  rather  than  a  mud.  Xaturally 
this  material  wlien  deposited  in  mass  will  form  a  till  without  the  clay.  To  understand 
this,  we  must  refer  to  the  nature  of  the  rocks  of  South  Victoria  Land.  As  we  have  said 
before,  there  are  no  recent  sedimentaries,  and  what  there  are  consist  for  the  most  part 
of  sandstones.  In  the  sandstone  there  are  a  few  thin  bands  of  shale  of  insignificant 


Fig.  18. — Terminal  face  of  Barne  Glacier,  Ross  Island,  showing  bands  of  silt. 

proportions.  The  remainder  of  the  rocks  consist  of  a  very  hard  dolerite,  coarse  granites, 
and  a  series  of  metamorphic  rocks.  There  is,  therefore,  no  rock  in  the  vicinity  that  will 
form  a  clay  except  l)y  excessive  trituration,  which  is  a  slow  process.  It  seems  probable, 
therefore,  that  not  only  are  the  silts  of  these  basal  moraines  free  from  much  verv  fine 
material  on  account  of  the  nature  of  the  rocks  over  which  they  pass,  but  further,  that 
most  of  the  very  tough  boulder  clays  which  have  been  formed  on  land  in  other  regions 
are  due  to  the  presence  of  soft  sedimentaries  in  the  district  which  require  very  little 
Ijreaking  up  to  form  a  clay. 

The  case  is  a  little  different  on  Ross  Island  for  this  reason.  Amongst  the  rocks 

O 

that  clothe  the  sides  of  the  volcanic  cones  are  a  number  of  verv  fine  and  soft  tuffs,  and 
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accordingly  we  find  tliat  tiie  material  at  tlie  base  of  glaciers  sncli  as  the  Barne  Glacier 
is  very  fine  indeed,  and  wonld,  when  deposited,  form  a  clay  (hig.  19). 

In  the  few  places  wiiere  it  is  possible  to  see  this  basal  moraine  deposited  in  mass, 
as  in  Dry  Valley  and  the  tributary  valleys  of  the  Koettlitz  Glacier,  we  do  find  a  till, 
blit  it  is  not  elastic  on  account  of  the  coarseness  of  the  material,  and  can  only  be 
recognised  as  such  by  comparison  with  the  basal  moraine  still  in  the  glaciers. 

In  other  places,  as  we  have  seen  when  discussing  striated  boulders,  the  natural  end 
of  the  basal  moraine  is  on  the  sea-floor,  and  the  dredgings  again  show  that  such  is  the 


Fig.  19. — Tuff  boulder  in  face  of  Barue  Glacier.  The  l)ands  are  of  very  fine  volcanic  dust,  cajtable 
of  forming  a  true  boulder  clay.  Note  the  grooving  of  the  boulder  due  to  differential  movement. 


case.  The  clay  is  rather  more  definite  in  this  case,  as  might  be  expected  from  the 
action  of  the  sea-water  and  from  the  addition  of  marine  organisms.  In  most  of  the 
dredgings  the  clay  is  naturally  soft  and  washes  free  from  the  larger  pieces,  but  in  one 
haul  off  the  edge  of  the  Barrier  pieces  of  a  hard  clay  came  up  interspersed  with  grit 
and  small  pebbles.  The  clay  itself  contained  many  fragments  of  sponge  spicules. 
Throughout  Ross  Sea  there  must  be  a  continual  rain  of  particles  of  all  sizes  from  the 
bases  of  floating  bergs,  which  is  forming  a  thick  lied  of  marine  boulder  clay.  The 
occasional  larger  organisms  in  tlie  shallower  parts  should  be  giving  it  a  very  definite 
marine  character,  for  the  large  sponges  and  some  of  the  corals  are  very  durable. 
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SUMMARY. 

The  most  general  conclusion  to  be  drawn  from  the  preceding  remarks  is  that  the 
recent  deposits  due  to  polar  conditions  are  comparatively  small  in  amount,  far  smaller, 
for  instance,  than  is  the  case  in  Greenland  or  Spitsbergen,  and  that  the  chief  cause  is 
the  fact  that  the  air  thaw-point  is  very  rarely  reached.  The  thaw  is,  therefore,  local, 
instead  of  universal  as  it  is  in  the  above-mentioned  countries.  In  spite  of  that  fact, 
however,  thaw  water  does  play  an  important  part  in  the  distribution  of  material  and 
even  to  some  extent  in  erosion.  The  deposits  which  have  been  transported  by  water 
are,  however,  difficult  to  recognise  as  such  for  two  reasons.  First,  because  the  action 
of  the  wind  is  almost  equally  important  and  masks  that  due  to  water ;  and,  secondly, 
because  the  deposits  are  very  rarely  bedded  or  composed  of  water- worn  particles.  One 
may  legitimately  infer  from  this  that,  where  glacial  deposits  contain  much  fine  material 
without  bedding  or  rounded  particles,  they  have  been  laid  down  under  severe  conditions 
of  climate,  which  prevented  the  thaw  water  from  exerting  its  maximum  effect  and 
increased  the  proportions  of  wind-borne  material. 

It  is  clear  also  from  the  above  that  a  lake-deposit  formed  under  these  severe 
conditions  is  unlike  that  of  a  normal  lake,  and,  except  for  occasional  bedding  and  some 
remains  of  the  lake  flora,  can  hardly  be  recognised  as  such. 

Occasional  deposits  of  rough  but  even-grained  material  in  a  glacial  series  may 
further  be  recognised  as  due  to  wind  alone,  and  several  such  were  found  in  the  South. 

While  it  is  impossible  to  state  the  correct  proportion  of  deposits  due  to  wind  as 
opposed  to  water,  there  is  no  doulR  that  the  former  is  of  far  greater  relative  value  than 
under  any  other  conditions  except  those  of  an  arid,  hot,  desert  region. 

Coming  to  the  deposits  due  to  the  action  of  ice  alone,  we  find  a  new  or,  rather,  an 
oljscure  process  at  work  in  the  raising  of  marine  muds.  The  conditions  for  the  process 
are  not  confined  to  the  Antarctic,  and  possibly  it  will  be  found  to  have  been  at  work 
in  the  Arctic  in  many  places.  The  quantity  of  material  which  might  be  transported 
in  this  way  is  small,  but  the  kind  of  material  is  of  great  importance,  for  in  it  land  and 
sea  deposits  are  mixed  up  in  a  very  irregular  and  puzzling  manner. 

The  moraines  of  the  x4ntarctic,  while  differing  in  a  few  characteristics  from  those 
typical  of  milder  conditions,  are  formed  in  the  same  way,  and  the  anomalies  can  be 
explained.  The  absence  of  high  terminal  moraines  is  a  characteristic  due  to  the  climate, 
wliile  the  al)sence  of  true  boulder  clay  is  chiefly  due  to  the  lack  of  soft  sedimentary 
rocks  in  the  region.  One  may  conclude  that  where  the  chief  moraines  are  lateral 
there  has  l:)een  little  differential  movement  in  the  glaciers. 

The  factor  above  all  others  which  is  responsible  for  the  difference  in  these  deposits 
from  those  of  temperate  regions  is  the  height  of  the  true  snow-line,  or  air  thaw-line, 
which  is  everywhere  at  or  below  sea-level. 
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No.  4a.-  THE  SANDSTONE,  ETC.,  OF  THE 
McMURDO  SOUND,  TERRA  NOVA  BAY, 
AND  BEARDMORE  GLACIER  REGIONS. 

By  F.  DEBENHAM,  O.B.E.,  B.A.  (Cantab.),  B.Sc.  (Sydney),  F.G.S. 

Fellow  of  Gonville  and  Caius  College,  Cambridge. 

Geologist  on  the  Expedition. 

INTRODUCTION. 

The  reports  *  of  former  expeditious  to  South  Victoria  Laud  liave  described  very  clearly 
the  general  features  of  the  coast  which  runs  from  Cape  Adare  iu  Lat.  71°  S.  to  tiie 
Bearduiore  Glacier  iu  Lat.  85°  S.  and  is  formed  by  tlie  faulted  escarpment  of  the 
Aiitarctic  plateau.  To  the  east  lies  the  suiikcii  area  of  the  Ross  Sea  with  a  fairly 
uniform  depth  of  about  2,000  feet  (GIO  metres),  and  to  the  west  is  the  plateau  witli 
an  average  height  of  aliout  G,000  feet  (1,830  metres)  above  sea-level.  Between  the  two 
there  is  a  narrow  strip  of  foothill  country  along  most  of  the  coast,  varying  from  2  to 
20  miles  iu  width  ;  and  it  is  from  this  strip  that  most  of  the  information  aliout  the 
structure  of  tlie  ('ouutry  is  derived,  for  tliere  only  are  the  few  outcrops  of  bare  rock  to 
lie  found. 

The  faulted  edge  of  the  escarpment  is  for  the  most  part  tilted  upwards  and  the 
plateau  behind  is  generally  a  little  lower  than  the  edge.  A  series  of  cross-faults  have 
given  rise  to  “  horsts  ”  iu  places,  the  Idocks  of  which  have  been  denuded  into  the  form 
of  peaks  reaching  a  maximum  height  of  aliout  15,000  feet  (4,570  metres). 

With  the  exception  of  the  Cape  Adare  region  (see  p.  121)  where  the  slates  are 
strongly  Iblded,  the  structure  of  the  coast  is  horizontal  and  gives  rise  to  a  large  uumlier 
of  tabular  mountains  which  are  the  most  remarkable  feature  of  the  topography  when 
viewed  at  a  distance.  This  horizontal  structure  is  due  to  the  level-bedded  character  of 
the  main  sedimeutary  formation  of  sandstone  which  has  lieeji  stiffened  by  massive 
intrusions  of  a  later  dolerite  iu  the  form  of  very  extensive  sills.  Since  the  liase  of  this 
formation  has  been  proved  to  be  of  Devonian  age  at  least,  we  have  to  regard  the  whole 
area  as  one  of  great  stalhlity  and  freedom  from  lateral  eartli-movements.  It  is  much 
fractured  and  there  are  local  tilts  of  the  strata,  especially  in  the  Beardmore  Glacier 

■"  National  Antarctic  Expedition,  1901-4.  Natural  History.  Vol.  1  (1907). 

British  Antarctic  Expedition,  1907-9.  (loology.  Yol.  1  (1914),  A^ol.  2  (191G). 
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region,  l)ut  the  only  folded  rocks  from  Lat.  75°  >S.  southwards  are  the  foundation  meta- 
morphic  series  which  are  referred  to  the  Pre-Cam1jrian  age.  The  sandstone  hjrmatiou 
with  dolerite  sills  has  an  enormous  extension,  for  it  is  found  in  Adelie  Tjand  in  Lat. 
G8°  y.  and  Long.  150°  E.,  and  judging  from  Captain  Amundsen’s  photographs  prohaltly 
also  in  Lat.  8G°  S.  and  Long.  170°  AV. 

On  account  of  the  inaccessi])ility  (jf  many  of  the  (mtcrops  and  the  peculiarly 
l)arren  character  of  the  sandstones  that  constitute  the  chief  horizon,  palaeontological 
evidence  as  to  the  character  and  age  of  tiie  sedimentarv  formations  has  been  difficult  to 
sec-ure.  Tlie  first  discovery  of  value  was  made  hy  the  party  under  Sir  Ernest 
Shacklet(m,  wIkj  found  fragments  of  a  Cambrian  limestone  in  the  moraines  of  the 
Beardmore  Glacier  (see  p.  118).  The  outcrop  lias  not  l)een  found  and  from  the  specimens 
it  appears  possible  that  tliey  come  from  the  main  horizontal  sandstone  formation  of  late 
Ihilaeozoic  age,  having  l)een  derived  firun  (Aimlirian  strata. 

The  only  other  fossil  evidence  as  to  the  age  of  the  formations  are  the  fish-remains 
of  Upper  Devonian  age  found  in  the  Graidte  Haiirmr  region,  Lat.  77°  S.,  in  morainic 
del )ris  from  the  liase  of  the  main  tabular  series  (see  p.  109) ;  and  the  plant-remains  from 
the  upper  portions  of  the  formation  which  were  found  by  Captain  Scott’s  Pole  Party  on 
the  Beardmore  Glacier  and  l)y  Pi.  IT  Priestley  in  the  Terra  Nova  Bay  region,  and 
have  been  referred  to  Gondwana  age  (see  p.  111). 

Ahdcanic  action  of  Tertiary  age  is  evident  along  most  of  the  coast,  with  its  two 
main  centres  in  AIcAlurdo  Sound,  and  in  the  Cape  Adare  region  from  Lat.  /  1°  S.  to 
74°  S.  This  action  has  left  sedimentai'y  deposits  of  tuff  in  places,  but  these  have  so  far 
yielded  no  fossil  evidence,  and  it  seems  that  most  of  those  exandned  were  deposited  on 
land. 


THE  McMURDO  SOUND  REGION. 


Tins  region,  extending  from  the  Koettlitz  Glacier  in  Lat.  78°  30' S.  to  Granite 
Ilarltour  in  Lat.  77°  S.,  is  the  l)est-known  locality  on  the  Antarctic  continent,  and  is 
naturally  taken  as  the  type  with  whidi  otiiers  may  1)C  compared.  The  geology  of  the 
mainland  was  first  investigated  l)y  11.  T.  Ferrar  of  the  National  Antarctic  F-^xpedition  of 
1901-4,  and  tlie  various  journeys  of  that  and  other  expeditions  up  the  ferrar  Glacier 
have  made  that  district  familiar,  fhi  proceeding  u]i  the  deep  trough-like  valley  of  the 
glacier  one  meets  first  the  foundation  rocks  of  Pre-Cambrian  age,  much  folded  and 
metamorphosed,  then  some  twenty  miles  inland  the  dolerite  sills,  and  finally  aliove  one 
of  them,  at  a  height  of  about  5,000  feet  above  the  sea,  is  seen  a  yellow  level-bedded 
rock,  the  sandstone,  forming  some  of  the  summits  of  the  massive  Kukri  Hills.  Farther 
west  this  rock  is  seen  in  greater  tliickness,  tlie  lowest  lieds  that  are  visible  l)eing  about 
3,000  feet  above  sea-level. 

Some  thirty  miles  farther  nortli,  a  similar  though  broader  valley,  containing  tlie 
Alackay  Glacier,  comes  down  from  the  plateau,  and  the  sequeiu-e  of  the  rocks  as  one 
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passes  up  the  valley  is  precisely  the  same.  The  saiidstoiie  formation  is  here  a  little 
lower,  the  lowest  beds  seen  Iteing  ahont  '2,000  feet  above  seadevel.  The  contrast  of 
the  yellow  sandstone  associated  everywhere  with  the  dark  dolerite  suggested  to  Ferrar 
the  name  Beacon  Sandstone  which  is  now  used  for  the  same  formation  wherever  it 
occurs  in  South  Victoria  liand. 

In  the  region  under  consideration  the  sandstone  has  very  uniform  characteristics. 
In  the  lower  hods  it  is  less  pure  as  they  contain  hands  of  limestone  a  few  inches  in 
thickness  and  many  tliin  hods  ot  shale.  Near  the  1)ase  the  shaly  l)ands  grade  into  soft 
coal,  and  in  one  area.  Granite  ITarhour,  there  is  a  shale  of  an  earlier  (ITpper  Devonian) 
age  which  is  apparently  conformal de  with  the  sandstone  itself. 

The  total  thickness  ot  the  sandstone  iormation  caimot  he  stated  definitely  since 


Surface  of 
the  Taylor 
Glacier. 


Fin.  1. — Sketch  of  the  north  .side  of  the  Kukri  Hills,  Ferrar  Glacier,  looking  west  from  a  jioint  above  the. 
snout  of  the  Taylor  Glacier.  Hills  about  3,000  feet  above  glacier  surface,  showing  the  level 
granite  platform  on  which  the  sand.stone  was  laid  down. 

the  upper  limit  has  never  been  observed.  The  base  can  be  seen  in  one  or  two  places 
but  has  not  been  examined  closely.  It  is  important  to  note  that  where  the  base  can 
be  seen  it  is  resting  u] ion  a  comparatively  level  bed  of  gi'anite  (see  Fig.  1).  In  tlu' 
Kukri  Hills  in  particular  the  dolerite  has  intruded  between  the  granite  and  the  sand¬ 
stone  over  a  large  area,  I'ai.siug  the  latter  many  hundreds  of  feet  witliont  much 

fracturing  fir  tilting.  The  junction  between  the  dolerite  and  the  granite  is  ex¬ 

traordinarily  even  and  horizfintal,  and  since  this  was  the  former  bed  ot  the  sandstone  it 
seems  to  be  established  that  the  base  of  the  formatifm  was  laid  down  on  an  evi'U  bed 
which  had  been  degraded  to  base  level. 

At  the  Inland  Forts,  Ferrar  measured  a  thickness  of  the  sandstone  of  2,000 

feet  without  seeing  either  the  top  or  the  bottom,  and  there  is  no  doubt  that  the 

maximum  thicknc.ss  in  the  jMcMurdo  Sound  region  far  exceeds  this  figure. 


Nat.  Aut.  Exp.,  lOOl-l.  Natural  HiA<»iy. 
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In  tlie  l)old  escarpment  of  the  lloyal  Society  Range  (see  Fig.  2)  the  horizontal 
hands  of  the  (lolerite  with  the  sandstone  can  l)e  seen  to  a  thickness  of  at  least  5,000 
feet.  In  the  steep  sides  of  i\tt.  (Iran  in  the  Granite  Ilarhour  area  the  level  bedding  is 
N’isihle  for  a  thickness  of  about  4,000  feet.  In  neither  of  these  cases  can  we  definitely 
see  the  upper  limit  of  the  sandstone  as  the  caps  of  the  monntains  are  either  of  weathered 
sandstone  or  doleiite.  On  the  whole  it  may  be  said  that  the  Beacon  Sandstone  is  at 
least  2,000  feet  thick  in  the  MciMurdo  Sound  region.  It  was  noticed  l)y  Ferrar  that 
tlie  upper  layers  appeared  to  l)e  more  dense  and  consisted  of  more  uniform  layers  of 
fine  sand  than  the  lower,  but  these  terms  can  only  be  used  in  a  relative  sense  since  we 
do  not  know  what  the  uppermost  layers  consist  of  They  are  visible  high  up  in  the 
cliils  of  tlie  Royal  Society  Range  but  have  never  been  visited. 

In  the  absence  of  definite  fossil  evidence,  variations  in  lithological  character 


Mount  Hooker:  Mount  Lister.  12,900  ft.  The  Pimple. 


become  of  some  importance  in  determining  the  mode  of  dejiosition  of  the  sediments. 
Thus  in  some  horizons  of  the  sandstone  there  are  a  large  number  of  short  bauds  of 
pebl)les  and  grits  few  of  which  seem  to  be  continuous  for  more  than  n  few  yards 
horizontally  and  none  of  a  thickness  greater  than  one  foot.  The  pebldes  are  in  most 
cases  much  waterworn  but  occasionally  are  <pute  angular.  In  the  Granite  Harbour 
area,  as  Ferrar  found  at  the  Inland  Forts,  these  pebbles  are  almost  all  of  vein-cpiartz  or 
hard  quartzite,  but  in  the  moraine  in  the  centre  of  IMackay  Glacier  a  large  number  of 
coarse-grained  specimens  of  the  sandstones  were  found  which  contained  pebbles  of 
limestone.  One  of  these  in  particular  is  angular  but  nu^st  of  the  others  have  been 
])artially  dissolved  leaving  a  ca,vity  lined  with  crystals  of  (juartz  and  (-alcite. 
Unfortunately  ]io  sign  of  any  fossil  was  found  in  this  limestone,  so  it  cannot  be 
definitely  referred  to  the  same  (thmbrian)  age  as  the  limestone  pebbles  of  the 
Bea.rdmore  Glacier.  Thin  bands  and  patches  of  shale  in  the  lower  lavers  of  the 
sandstone  also  furnish  some  evidence  as  to  the  (‘onditions  of  deposit,  'fhev  are  mostlv 
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Jeiiiicular  in  sluipc  uiid  tliiii,  ,siiggc«tiug  that  tJic  mud  was  de})().sited  in  pools  in  Hif 
sand.  M(jre  direct  evidence  of  such  p(Jols  ainl  a  coni[)aratively  dry  climate  with  some 
rainfall  is  afforded  ])y  the  rip})le-niarks  and  sim-craeks  (Fig-  h)  which  w'cre  ohserved 
on  the  central  moraine  of  the  Mackay  (dacier.  It  is  not  clear  from  the  ripple-mai'ks 
wdjcther  they  were  caused  l)y  wind  or  water,  l)nt  it  is  immaterial  as  eithci'  w'ould  mean 
a  sandy  Wiiste  Avith  occasional  pools  of  shallow  Avater. 

Tlie  saiidstoiie  Aoiries  very  much  as  to  liardness  and  dni'ahility.  Some  layers  ;ire, 
so  dense  as  to  outlast  the  dolerite  Avhile  others  are  so  friahle  that  they  crnmhle 
to  the  original  sand  at  a  touch.  The  cement  for  the  most  part  is  siliceous  l»ut  on 
some  horizons  it  is  entirely  calcaref)us.  Prior  ''''  notes  that  tlie  more  compact 


Fi(i.  3. — llipj)le-m;irk.s  and  sun-cracks  in  tlie  Beacon  Sandstone. 
From  Mount  Suess,  Granite  Flarbour. 


layers  have  a  large  amount  of  siliceous  cement  Avdiich  has  recrystallized  roimd  the 
original  grains  in  optical  coutinnity  Avith  them.  This  points  to  heated  solutions 
percolating  through  the  sandstone,  evidence  of  Avhich  is  also  atlorded  l)y  the  occa.sional 
occurrence  in  the  rock  of  cavities  filled  Avith  crystals  ot  <|uartz  Avholly  or  partially 
replacing  calcite. 

Evidence  of  considerable  thermal  action  is  manitest  in  other  Avays.  herrar  lound 
much  carl)onized  plant-material  in  the  outcrops  he  visited,  and  in  the  last  expedition 
laro-e  masses  of  charred  stems  Avere  found  both  in  the  Granite  Harbour  region  and  in  that 

CD  ^ 

of  Terra  Nova  Bay.  hhie  stems  are  drift-material,  as  pointed  out  by  Prole.ssor  SeAvard, 
and  occur  both  in  the  pure  and  in  the  shaly  sandstone.  A  still  more  definite  example 
of  intense  heating  is  afforded  in  the  same  regions  l)y  the  large  blocks  ot  perlectly  black 
sandstone,  in  Avhich  the  colour  is  due  to  a  dense  bituminous  cement.  None  ot  this  rock 
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was  found  in  sifu  l)ut  one  naturally  >supp(we.s  it  to  1)C  adjacent  t(j  the  coal  heds  : 
inncl)  of  it  contains  large  nodules  of  pyrites.  There  appeals  to  he  no  d(juht  that  this 
charring  and  haking  was  due  t(j  the  intrusion  of  the  dolerite,  probably  in  Cretaceous 
time. 


Ferrar  and  David  both  refer  to  the  (jccurrence  of  ferruginous  concretions  in  the 
Ferrar  (llacier  area  and  the  same  thing  occurs  in  other  places  to  a  less  degree.  In  the 
IMcMui'do  Sound  region  geiierally  the  Beacon  Sandstone  is  Ihirly  pure  and  usually  of  a 
white  or  light-yellow  coloTir,  but  in  the  Crauite  Harbour  area  a  great  deal  of  it  is 
coloured  green,  either  thnmghout  or  in  patches,  owing  to  the  presence  of  chlorite. 

With  regard  to  the  constituent  grains  there  is  also  a  good  deal  of  variety.  The 
])nre  white  stone  is  composed  almost  entirely  of  clean  (|uartz  grains,  in  .some  cases  so 
inuch  rounded  as  to  suggest  wind-  rather  than  water-action.  In  other  cases  the  grains 
ai‘c  distinctly  angular,  though  one  must  be  careful  to  distinguLsh  fractures  of  the 
oi'iginal  grains  by  pre.ssure  ami  heat  fi'om  initial  irregnlarity  due  to  lack  of  ero,sion. 
Secondary  fractures  are  paidicularly  clearly  seen  in  some  of  the  very  much  indurated 
saan])les  from  tlie  neighbourhood  of  the  dolerite. 

Ill  the  more  discoloured  .specimens  the  grains  are  seen  to  be  of  a  more  varied 
character.  (Quartz  is  still  the  dominant  mineral,  but  fragments  of  very  fresh-looking 
felspar,  mica,  and  other  aluminous  minerals  are  pre.sent,  together  with  grains  of  garnet, 
apatite,  and  rutile.  In  the  c(.)arser  layei's  fragments  of  mica-.schist  arc  found.  It 
would  seem,  therefore,  that  the  material  of  ilie  Beacon  Bandstone  in  the  McMurdo 
Sound  region  Avas  largely  derived  from  granites,  to  a  less  degree  from  the  metamorphic 
series,  and  to  a  still  le.ss  degree  from  a  limestone  2'>ossibly  lielonging  to  the  same 
formation  as  the  Cambrian  limestone  of  the  Beardmore  area. 

^Te  small  amount  of  cementing  material,  the  fre.shne.ss  of  the  felspars,  and  the 
general  absence  of  red  oxides  of  iron  are  all  noticeable  features  and  seem  to  point  to 
very  dry  conditions.  The  false-bedding  may  be  due  either  to  wind  or  water,  and  the 
abundant  evidence  of  pools  and  strande<l  plant-material  establishes  the  existence  of 
water  in  small  (pnmtity. 

The  coal  beds  in  the  Granite  Harbour  area  (Fig.  4)  Avere  unfortunately  not  Ausited 
in  .situ,  as  they  Avere  seen  only  in  inacce.ssible  places.  They  undoubtedlA"  occur 
t()Avaj'ds  the  base  of  the  Avhole  formation  in  company  Avith  moderately  thick  beds  of 
shale,  and  Ave  therefore  have  eAddence  of  a.  gradual  change  of  climate  during  the 
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depo.sition  of  this  great  thickness  of  material. 

The  fragments  of  coal  Avhich  Avere  picked  up  on  the  central  moraine  of  the  dIackaA’ 
Glacier  Avere  all  .similar  in  cliaracter.  It  is  a  hard  bright  coal  and  is  associated 
Avith  a  dark  ,s(.)ft  shale.  The  coal  consists  almost  entirely  of  hxed  carbon  Avith  a 
high  percentage  of  ash.  In  it  are  found  chawed  fragments  of  stems  AAdiich  are 
unrecognizable.  The  .specimens  bear  all  the  marks  of  luvA’ing  been  subjected  to  high 
temperature,  and  the  absence  of  any  noticeable  amount  of  A’olatile  hydrocarbons 
.supports  this  suggestion.  The  hnding  of  sandstone  impregnated  AA’ith  bitumen  seems 
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to  complete  the  stoiy.  One  or  two  of  the  smaller  fragments  appear  to  be  of  l^etter 
(jiiality,  bnt  one  is  forced  to  recognize  that  probably  the  dolerite  has  destroyed  most 
of  tlie  coal  beds  in  this  area  and  reduced  them  to  what  is  the  ecjuivalent  of  authracite 
with  an  excessive  amount  of  mineral  asli.  The  larger  specimens  liave  almost  a  slaty 
(deavage,  which  was  no  doubt  due  in  part  to  the  loss  of  its  volatile  constituents  while 


Fig.  4. — Cliff-section  on  the  south  side  of  the  Mackay  Glacier,  Granite  Harbour  region. 
Total  height  of  cliff' aliove  glacier  about  1,200  feet. 


under  pressure.  The  Beardmore  (Tlacier  coal,  on  the  other  hand,  has  not  undergone 
such  a  baking,  for  in  this  the  volatile  constituents  reach  14 ’5  per  cent.,  fixed  carbon 
G8  per  cent.,  and  ash  13 ‘5  per  cent.'* 

On  the  same  moraine  of  the  Mackay  Glacier  were  Ibiind  the  remains  of  fish  whiidi 
have  lieen  described  liy  Dr.  Smith  Woodward  in  No.  2  of  this  volume,  and  have  lieen 
referred  by  him  to  Upper  Devonian  age.  These  occur  in  pieces  of  shale  and  shaly 

■*  British  Antarctic  Expedition,  1907-9.  Geology.  A^ol.  1  (1914),  p.  250. 
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saiidstoue  which  are  identical  in  outward  appearance  with  the  Ijand.s  of  shale  that  are 
found  in  the  lower  layers  of  the  Beacon  Sandstone,  both  in  Granite  Harbour  and  in  the 
Depot  Nnnatak  on  the  Ferrar  Glacier.  In  one  case  the  fish-scales  arc  in  a  finely 
laminated  shale,  but  generally  they  are  in  irregular  pieces  of  rock  wdiich  has  no 
definite  cleavage  and  contains  a  o-ood  deal  of  rather  coarse  sand.  As  none  of  the  fi.sh- 
remains  were  found  in  situ,  the  proljlem  is  to  make  room  for  the  I  pper  Devonian 
h(.)iDon  between  the  granite  floor  of  the  formation  and  the  coal  beds  which,  in  view  of 
the  definite  pr(.)of  of  Gondwana  age  for  the  Beardmore  coal,  one  provisionally  places  on 
the  same  horizon.  For  the"  present  it  may  be  assumed  that  the  base  of  the  formation 
contains  a  thin  series  of  Devonian  sediments,  and  that  there  is  no  marked  unconformity 
between  them  and  the  Bermo-Cfarboniferons  series  of  shales  and  sandstemes.  One  is 
teinpted  to  add  that  the  conditions  of  deposit  were  also  somewhat  similar,  for  the  sands 
of  the  fish -scale  s})ecimens  are  precisely  similar  fo  those  (jf  the  upper  layers.  It  is 
hai'dly  likely  that  the  fish-scales  can  have  been  derived  from  a  Devonian  deposit  else¬ 
where,  and  have  been  included  unharmed  amongst  the  products  of  erosion  that  l)uilt 
up  the  Beacon  Sandstone. 


THE  TERRA  NOVA  BAY  REGION. 

This  is  a  convenient  name  for  the  area  between  74°  30'  S.  and  75°  30'  S.,  in  which 
the  most  commanding  feature  is  the  taljular  mass  of  IMoiint  Nansen,  marking  the  edge 
of  the  contiueutal  escarpment.  (Other  features  are  the  .symmetrical  cone  of  the  extinct 
volcano  of  jMouut  IMelbourne  to  the  north-east,  and  the  peculiar  sheet  of  ice  known  as 
the  DrygaLski  Glacier  Toiigue  which  bounds  the  area  on  the  south  side  and  represents 
the  continence  of  several  large  glaciers  coming  from  the  vicinity  of  jMount  Nansen. 

Tlie  evidence  for  a  discussion  of  the  sedimentaries  of  this  region  is  somewhat 
slender.  The  area  has  been  visited  by  two  parties,  one  under  Professor  Sir  T.  W.  Edge- 
worth  David  in  1908,  and  one  under  Lieut.  Victor  Lampbell,  B.N.  in  the  summer  of 
1912.  In  neither  case  were  the  geologists  able  to  reach  sedimentary  rocks  in  situ,  but 
they  made  collections  from  the  large  glacial  moraines. 

The  sequence  of  the  rocks  seems  to  be  identical  with  that  found  in  the  IMclMurdo 
S(mnd  region,  (dn  the  coast  are  the  low  islands  and  foothills  composed  for  the  most 
part  of  the  foundation  metaniorphic  .series' of  gneisses,  schists,  and  granulites.  Intruded 
through  these  and  forming  the  bulk  of  the  higher  foothills  are  the  granites  which  will 
be  discussed  in  No.  G  of  this  volume.  High  up  on  the  dlount  Nansen  massif  and  on 
the  mountains  to  the  Jioi'th  of  it  can  be  seen  the  familiar  level-bedded  appearance  due 
to  the  Beacon  Sandstone  formation,  intruded  by  doleritc  sills  as  in  the  dlclMurdo 
Sound  region  but  to  a  less  extent.  It  is  not  po.ssible  to  estimate  the  thickness  of  the 
lormation  with  any  accuraciy,  but  from  the  evidence  of  photographs  and  from  the  tield- 
notes  of  the  geologists  it  can  hardly  he  less  than  2,000  feet,  that  i.s  to  say,  it  is  of  the 
same  order  of  thickness  as  farther  south. 
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Little  more  than  this  ])arc  estimate  of  thickness  can  l)e  said  of  the  formation 
III  situ,  as  it  has  never  ])een  approached  nearer  than  ten  miles,  and  for  further 
description  we  have  recourse  to  the  specimens  collected  from  moraines.  '  A  hirge 
numl)er  ot  these  were  ol)tained  by  Piiestley  wIkj  was  the  geologist  of  Camphell’s  party, 
and  it  is  w'orthy  of  note  that  nearly  all  of  them  were  collected  from  the  southern  and 
western  side  of  the  moraines  of  the  Priestley  Glacier.  This  suggests  that  on  the 
northern  side  there  are  no  outcrops  of  the  sandstone  and  that  there  is  a  fracture  ahmg 
the  line  of  the  glacier  valley  which  has  hidden  the  formation. 

With  regard  to  the  specimens,  Priestley  noted  the  striking  resemljlance  they 
presented  to  the  sandstones  of  the  Ferrar  Glacier  valley.  There  are  the  same  coarse 
conglomerates,  coarse  yellow  sandstones,  and  felspathic  grits  ;  and  the  same  variation 
from  almost  pure  quartz  sandstones,  extremely  hard  and  dense,  to  friable  uncemented 
rcjcks  with  much  dec(jmposed  material.  On  the  other  hand,  the  proportion  of  impure 
sandstones  is  much  greater,  ranging  from  yellow  sandstones  with  scattered  grains  of 
carbonaceous  material,  to  dark-brown  grits  with  much  volcanic  dtdtris  as  well  as  the 
almost  universal  fragments  of  stems.  Unfortunately  these  plant-remains,  although 
abundant,  were  in  most  cases  much  charred  by  heat.  A  few  petrified  specimens  were 
obtained,  however,  and  these  have  been  described  in  No.  1  of  this  volume  by  Professor 
A.  C.  Seward  avIio,  from  the  petrified  stem  [Aiitiirrtiro.vi/lon  Pnest/ei/i)  and  from  a 
winged  spore  [P'lfijosporites  (iiitiircticiis),  has  referred  them  to  an  early  Mesozoic  age. 

We  have  seen  that  the  shales  associated  with  the  Beacejn  Sandstone  lormati(jn  in 
the  McMurdo  Sound  region  are  of  Upper  Devonian  age  and  they  are  undoubtedly  at 
the  l)ase,  so  that  we  arrive  at  a  provisional  estimate  of  the  age  of  the  formation  as  late 
Palaeozoic,  stretching  into  early  hlesozoic.  Unfortunately  the  (juality  of  the  evidence 
so  far  does  not  warrant  our  placing  the  a.gc  with  any  greater  certainty  than  this,  but 
we  may  without  much  doul)t  conclude  that  the  1  )cvonian  horizon  is  ot  small  thid'cncss 
and  that  the  coal-measures,  or  Permo-Carboniferous  scries,  is  of  the  greatest  thickness. 
It  appears  that  the  Terra  Nova  Bay  region  is  remarkable  for  a  greater  extension  of  the 
later  sediments  than  is  found  farther  to  the  south. 

It  sliould  be  noted  als(j  that  in  one  of  the  specimens  collected  fi'om  the  coal- 
bearing  horizon  of  the  Beardmorc  Glacier  region  was  found  a  fragment  of  coniferous 
wood  which  appears  to  be  com])aral»le  with  those  found  on  tlie  Priestley  Glacier 
moraine.  Although  no  specimens  of  coal  were  picked  np  from  this  moraine,  coal  is 
probaldy  present  in  the  sandstone  series  of  the  region,  for  luR  only  is  it  much  too 
fragile  to  bear  transport  for  great  distances  but  its  similarity  of  colour  to  the  basaltic 


rocks  which  are  fref|uent  in  the  moraines  makes  its  discovery  a  matter  of  dithcnlty. 

The  strong  probaljility  of  the  presence  of  coal  is  also  suggested  by  the  (occurrence 
of  bituminous  sandstones  of  exactly  the  same  type  as  in  the  Granite  Harbour  district. 
These  are  somewhat  felspathic  sandstones  containing  many  charred  fragments  of  stems, 
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and  the  whole  rock  is  so  impregnated  with  bitumen  that  it  is  quite  black,  the  grains  of 
quartz  and  felspar  standing  out  clearly  in  a  shining  matrix  of  the  bitumen.  One  or 
two  of  the  specimens  gave  off  a  distinct  bituminous  smell  on  being  brought  to  red  heat, 
but  in  most  cases  the  black  product  appears  to  be  carbon,  as  it  has  lost  all  trace  of 
volatile  constituents. 

The  occurrence  of  the  charred  fragments  with  the  bituminous  impregnation  gives 
rise  to  a  peculiar  problem.  The  woody  stems  are  evidently  the  result  of  drift,  since 
they  are  distril)uted  irregularly  through  the  rock,  and  we  may  imagine  estuarine  sands 
which  occasionally  received  Hoods  as  the  original  state  of  this  area.  But  the  stems 
could  hardly  remain  in  a  fresh  state  for  a  very  long  period  and  the  charring  must  have 
taken  place  within  a  reasonable  time  of  their  deposition.  The  heating  of  the  coal  beds 
which  drove  olf  the  volatile  constituents  into  the  surroundiuQ-  sandstone  must  have 
occurred  at  a  much  later  time  presumably.  In  fact  in  the  Granite  Harbour  district  it 
seems  to  be  correlated  with  the  intrusion  of  the  sills  of  dolerite  which  must  have 
happened  late  in  hlesozoic  time.  It  seems,  therefore,  that  we  have  to  postulate  two 
periods  of  heating  of  the  Ijeds. 

In  the  Terra  Nova  Bay  series  of  sediments  we  meet  with  a  type  of  rock  which  is 
not  found  in  the  more  southern  areas,  viz.,  very  coarse  tuffs.  These  form  an  extremely 
interesting  series  and  their  age  seems  to  1)e  definitely  fixed  as  that  of  the  Beacon 
Sandstone  from  the  fact  that  they  also  are  loaded  with  charred  fragments  of  stems,  and 
in  places  with  angular  fragments  of  quartz  similar  to  the  coarser  varieties  of  the 
sandstone.  They  therefore  point  to  a  period  of  volcanic  activity  coincident  with  the 
deposition  of  the  sands.  The}"  contain  also  fragments  of  a  green  chert.  Further 
reference  to  these  tuffs  will  be  found  in  the  chapter  on  volcanic  rocks. 

We  are  now  perhaps  in  a  position  to  venture  some  suggestions  as  to  the  conditions 
under  which  the  greater  part  of  the  typical  Beacon  Sandstone  was  laid  down.  In  the 
first  place  the  climate  seems  to  have  been  arid.  The  freshness  of  the  felspars  and  other 
less  stable  constituents  of  the  sandstone  j^oints  to  this,  and  it  is  supported  liy  the 
comparative  barrenness  of  the  rocks,  except  those  close  t(j  the  coal  bed  horizon.  The 
extremely  rounded  appearance  of  the  sand-grains  on  some  horizons  appears  to  postulate 
(ionsideralde  wind-erosion,  while  the  presence  of  coarse  and  ill-sorted  grits  at  other 
levels  also  seems  to  argue  the  absence  of  running  water.  The  existence  of  rijiple-marks 
and  sun-cracks  (sec  Fig.  3),  as  well  as  the' frequent  lenticular  l)eds  of  fine  mud,  requires 
the  occurrence  of  occasional  pools  in  the  sandy  waste.  The  falsc-l:>eddiug  which  is  very 
characteristic  of  the  more  barren  sections  of  the  sandstone  seems  to  be  evidence  of  a 
dune  formation.  On  the  other  hand,  the  thin  beds  of  limestone  found  particularly  in 
the  Ferrar  Glacier  district  point  to  the  near  neighljourhood  of  a  coast-line  or  large 
bodies  of  water.  These  seem  to  occur  more  frequently  towards  the  base  of  the 
formation. 

Speaking  more  particularly  of  the  hlcjMurdo  Sound  area  we  may  perhaps  imagine 
the  conditions  as  follows.  At  the  close  of  the  Hevouian  period  the  area  was  rising 
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li’oin  the  sea  which  had  held  the  hsh  the  remains  of  whicli  are  found  in  (franite  I[arl)onr 
rocks,  hdiere  was  a  wide  expanse  of  low  coastal  (.'ountry  and  the  climate  was  ncA  at 
first  (|uite  arid.  ( Iccasional  changes  of  level  allowed  thin  bauds  of  limestone  to  form  in 
amougst  the  expanse  of  sand-dunes  that  formed  the  greater  part  of  the  area.  Con¬ 
ditions  of  climate  then  altered  sufficiently  to  allow  of  the  growth  of  swamp  and  bog 
plants  and  the  formation  of  beds  destined  to  turn  into  coal,  ljut  these  ('onditions 
gradually  gave  place  to  those  of  great  aridity  involviug  the  retinii  of  the  wave  of  sand. 
The  sand  was  derived,  partly  Ity  water  and  partly  by  wind,  from  the  uplainls, 
apparently  to  the  west  of  the  area,  which  were  composed  of  the  metamorphic  series 
and  numerous  acid  plutonic  rocks.  I’ivers  from  the  more  favoured  uplands  crossed  the 
sand  area  with  continually  shifting  l)eds,  bringing  coarser  gravel  and  pel)bles  as  well  as 
lu'oken  stems  of  vegetation  in  their  flood  periods.  But  on  the  whole  the  (amditions 
must  at  this  time  have  been  unfavourable  to  a  vigorous  growth  of  vegetati(jn  even  in 
the  uplands.  Towards  the  north,  volcanic  activity  produced  a  local  variation  in  the 
deposits,  but  for  the  most  part  the  conditions  were  very  uidform  over  a  large  extent  of 
country. 

We  canuot  tell  how  the  period  ended  for  the  upper  limits  of  the  deposits  have  n<jt 
l)eeu  seen,  but  it  is  certain  that  the  aiva  must  liave  remained  above  sea-level  for  most 
of  the  time  since  the  chjse  of  tliat  period  as  there  is  no  sign  anywhere  of  later  deposits, 
aiid  the  Beacon  Sandstone  itself  has  been  heavily  eroded. 

The  conditions  towards  the  Beardmore  Chicier  appear  to  luive  been  slightly 
different,  but  there  is  far  too  little  evidence  upon  which  to  build  any  hypofhesis  as  to 
the  climatic  relations  between  the  two  regions. 


It  should  l)e  added  that  although  there  seems  to  be  a.  defiiute  break  in  the 
continuity  of  the  Beacon  Sandstone  forination  bctwecji  the  Terra  Nova  Bay  region 
and  the  Cape  Adare  district,  yet  it  (hjes  apparejitly  continue  in  a  northerly  diiection, 
for  it  occurs  in  massive  clift's  in  Adelie  Land  as  hjund  Ijy  one  of  the  parties  of  the 
Australasian  expedition  under  Sir  Douglas  Mawson  in  1‘J12. 


THE  BEARDMORE  GLACIER  REGION. 


This  region  may  be  taken  as  extending  from  about  83°  3U  S.  to  85  S.  on  the 
170th  meridian  E.,  following  the  line  of  the  great  glacier  discovered  and  traversed  by  Sir 
Ernest  Shackleton  in  1908  and  use<l  by  the  parties  under  CViptain  Scott  on  their  way  t(j 
the  Pole  in  1911  (see  Map,  Eig.  5). 

This  vast  outlet  for  the  plateau  ice-sheet  :s  at  least  130  miles  hmg  and  tor  about 
too  miles  of  its  length  is  enclosed  by  valley-walls  rising  well  above  the  stream  itself 
and  presenting  steep  slopes,  many  of  which  show  l)ai'e  rock.  Its  average  width 
is  about  20  miles,  though  .in  one  place  it  is  under  12  miles.  The  greater  part  of  its 
surface  is  much  disturbed  l)y  crevassed  areas,  particularly  on  the  eastern  side  where 
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two  very  large  tril)utaries  eiiter,  so  that  the  route  to  the  summit  is  a  circuitous  and 
arduous  one. 

Tlie  glacier  is  thus  hrietly  descril)ed  iu  order  to  accouut  for  the  extreme  paucity  ot 
the  geological  evidence  that  we  possess  al)out  this  region.  Although  four  parties  have 
now  traversed  it  from  eud  to  end,  the  rocky  sides  of  the  valley  have  as  yet  only  heeii 
visited  in  three  places.  These  are,  the  Granite  Pillars  and  jMount  Hope  at  the  toot 
of  the  glacier,  the  Ploudmaker  ihouutaiii  half  way  up,  and  Buckley  Island,  a  large 
iiuuatak  rising  above  the  ice,  at  the  summit.  The  collections  trom  these  places, 
together  with  specimeus  picked  up  from  the  moraines  on  the  glacier  itselt,  supply  all 
the  direct  geological  evidem.te  that  we  possess.  No  trained  geologist  has  been  a  member 
of  the  parties,  but  wuth  the  aid  of  the  photographs  of  Mr.  C.  S.  Wriglit  and  others  ot 
those  parties  and  of  the  extraordinarily  accurate  pencil  sketches  of  the  late  Dr.  E.  A. 
Wilson  it  is  possible  to  make  some  general  remarks  about  points  that  have  not  been 
visited.  S(jme  of  these  generalizations  are  made  on  analogy  wntli  better  known  parts  of 
the  continental  escarpment  and  may  be  accepted  without  much  doubt.  For  instaiK-e 
the  mountains  at  the  lower  end  of  the  valley  are  in  general  irregular  in  shape  and 
distri))ution  with  a  tendency  to  a  rounded  outline,  but  with  many  sharp  (‘omiuridges. 
This  is  a  topography  which  is  typhad  of  the  plutonic  and  metamorphic,  rocks  as  seen  in 
the  foothills  of  the  Royal  Society  Range  in  the  IMcMurdo  Sound  region.  Above  the 
Cloudmaker,  on  the  other  hand,  the  mountains  are  tabular  iu  form  and  the  valleys 
are  straighter,  while  the  steep  slopes  are  either  uniform  or  evenly-terraced.  This  is  a 
topography  that  is  comimjn  all  along  the  escarpment,  caused  by  the  almost  universal 
capping  of  level-bedded  strata  of  the  Beacon  Sandstone. 

But  when  the  only  evidence  is  the  colour  of  the  rocks  as  seen  at  a  distance  the 
identification  is  less  certain,  except  where  taken  in  conjunction  with  Wilson’s  sketches, 
often  made  with  aid  of  binoculars,  iu  which  the  typical  forms  of  weathering  are  a.  fairly 
sure  guide. 

The  first  point  that  strikes  a  geologist  who  knows  the  other  regions  is  the  great 
similarity  in  both  the  tacies  and  the  distribution  of  the  ivjcks  iu  this  area  to  those  in 
the  MclMurdo  Sound  region.  In  the  lower  glacier  we  meet  with  the  same  types  of 
foundation  metamorphic  rocks  intruded  by  younger  granites  as  those  which  form  the 
Ivukri  Hills  in  Lat.  77°  30'  S.  At  the  Cloudmaker,  half  way  up  the  glacier,  we  come  to 
tlie  first  signs  of  the  sedimentaries,  just  as  at  the  Cathedral  Rocks  on  the  lArrar  Ghuder 
Very  clear  stratification  can  be  seen  at  the  summit  of  Mount  Bell  at  a  height  of  about 
9,000  feet  al)ove  sea-level,  while  in  the  Cloudmaker  itself  appear  the  dolerite  sills  which 
are  such  constajit  associates  of  the  sedimentaries  farther  north.  The  lower  sill  a])pears 
to  be  al)Out  G,000  feet  above  sea-level,  and  there  is  an  upper  less  well-defined  sill  near 
the  summit  with  indications  of  thin  beds  of  sedimentaries  al)ovc  it,  that  is,  at  about  the 
same  height  as  those  on  M  ount  Bell;  a  few  miles  to  the  north.  From  the  talus  slopes 
at  the  base  of  the  mountain,  “slaty  rocks  witli  reef  (piartz  ”  were  collected  by 
f^hackleton.  Southward  and  westward  of  this  point  the  sedimentaries  appear  in  a 
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truly  grand  series  of  massive  beds  intruded  by  several  sills  of  the  dolerite.  They  have 
a  very  uniform  dip  to  the  south-west,  that  is,  towards  the  plateau,  precisely  in  the 
same  way  as  the  Beacnn  Sandstoiie  series  does  in  the  upper  Ferrar  Glacier. 

The  Adams,  IMai-shall,  and  Wild  INEountains  present  steep  faces  towards  the  main 
glacier,  showing  a  magnificent  section  of  the  whole  of  the  sediments,  but  unfortunately 
the  route  ti'ended  away  from  these  mountains  and  only  distant  views  were  obtained. 

The  thickness  of  the  series  cannot  be  less  than  4,000  feet  and  may^well  be  0,000  feet. 
It  consists  of  alternating  liglit  and  dark  Ijands  intersected  by  the  ^’ery  dark  dolerite. 
As  seen  in  the  photograph' (Fig.  0)  it  is  precisely  similar  to  the  formation  on  the  upper 
Ferrar  Glacier,  and  the  sketch  by  Dr.  Wilson  (Fig.  7)  incidentally  shows  what  a  very 
great  deal  a  keen  observer  li Ice  Dr.  Wilson  could  do  in  the  absence  of  more  accredited 


Fig.  6. — Wiki  Mountains,  Beardmore  Glacier,  showing  the 
Beacon  Sandstone  formation  with  its  intruded  sills  of  dolei’ite. 


region,  of  the  difierential  liftino’  of  the  sedimentary  beds  by  the  intrusions  of  dolerite. 

On  the  eastern  side  of  the  glacier  the  same  section  is  apparent,  but  is  more  lu’okeu 
up  by  the  intersection  of  sills,  and  not  so  continuous '  because  of  the  large  tributaries 
which  enter  on  that  side.  On  lioth  sides  the  dip  is  less  than  5  degrees  to  the  south¬ 
west  except  at  one  place  near  the  summit  at  Plunket  Point,  which  is  carefully  noted 
a.nd  sketched  by  Wilson,  where  over  a  small  area  the  dip  of  the  sediments  is  aliout  10 
degrees  to  the  east.  That  this  is  a  local  faulting  or  displacement  is  proved  by  the  fact 
that  in  the  same  sketidi  appears  the  regular  slight  south-westerly  dip  of  the  main  mass. 

At  Buckley  Island,  where  the  surface  of  the  glacier  is  nearly  G,000  leet  above  sea- 
level,  one  is  well  above  the  base  of  the  sediments,  which  appears  to  be  about  9,000  feet 
hioh  at  INIount  Bell,  and  it  is  from  this  locality  that  most  of  the  direct  information  conies. 
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A  very  full  description  of  tliis  outcrop  is  to  be  found  in  No.  1  of  this  volume  hy 
Professor  Seward,  which  treats  fully  of  the  Glo.^so/fteris  flora  found  there  in  a,ssociatinn 
with  the  coal  beds. 

The  sandstones  which  are  in  alnmdance  in  these  beds  are  tor  the  most  paid  very 
similar .  in  litholooical  character  to  the  Beacon  Sandstone  from  the  M(',Murdo  Sound 

O 

region,  'fhey  are  distinctly  more  cah-areous  and  have  a  far  larger.  proportii.)n  of 
shaly  beds  intercalated,  but  their  mode  of  derivation  seems  to  be  in  the  main  similar. 
Some  specimeiLS  (‘ontaining  comparatively  little-altered  grains  of  felspar  suggest 
derivation  from  granitic  masses,  others  again  are  composed  almost  entirely  <if  (puirtz. 


’  Fift.  7. — Sketcli  of  Wild  Mountains  by  Dr.  E.  A.  Wilson. 


although  the  very  even-grained  pure  and  hard  (juartz  sandstone  ol  the  Ferrar  (llacier 
region  does  not  appear  to  be  present  on  this  horizon. 

Lithologically  then  we  must  agree  with  the  verdict  of  Professor  David  that  we 
have  the  equivalent  of  the  Beacon  Sandstone  here.  The  impure  grey  limest()ue  which 
forms  a  good  proportion  of  the  specimens  from  Buckley  Island  is  somewhat  similar  to 
that  found  in  the  Granite  Harbour  region,  being,  as  there,  often  associated  with  hard 
shales  on  the  one  hand  and  calcareous  grits  on  the  other.  No  specimens  ot  pure  lime¬ 
stone  are  recorded  from  this  place.  The  moraine  from  Mount  Darwin,  a  nimatak 
still  further  to  the  south,  shows  the  same  sequence  of  rocks  with  a  preponderance 
of  calcareous  sandstone  Nvhich  in  the  distance  has  a  pink  appearance. 

There  is  no  unconformity  to  l)e  seen  in  any  of  the  photographs  nor  is  it  anywhere 
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n()te<l,  with  the  exception  of  the  faulted  Idock  on  Plunket  Point,  and  this  corrohorates 
the  idea  of  the  extraordinary  stal)ility  of  tlie  wliole  of  South  Victoria  Laud  suggested 
hy  the  o])servations  made  in  the  more  northern  regions.  Yet  it  would  he  very  dangerous 
to  conclude  that  this  four  or  five  thousand  feet  of  sediments  represents  a  single 
geological  period,  the  Permo'-Carhoniferous,  as  determined  hy  the  (lloss(>i>tenf<  flora  on 
one  of  the  lunizons.  If  we  are  right  in. assuming  from  the  evidence  of  the  fish-remains 
in  Graidte  Karhour  and  the  fragments  of  stems  in  the  Terra  Yova  Bay  region  that 
the  Beacon  Sandstone  formation  of  those  jihices  stretches  from  late’' Devonian  to  early 
IMesozihc  time  we  must  he  prepared  to  accept  the  same  for  the  Beardmore  area  as  well. 
There  is  nothing  reported  from  this  region  that  can  he  definitely  as.serted  to  l)e 
younger  than  the  Beacon  Sandstone  except  the  dolerites ;  hut  fragments  of  lavas 
found  in  the  moraines  seem  to  show  that  only  search  is  re(;[uired  to  show  the  presence 
of  the  etjuivaleut  of  the  McMurdo  Sound  volcauics  in  this  district  also. 

On  the  other  hand,  there  is  the  very  hest  evidence  for  the  existence  of  earlier 
sediments  S(miewhere  in  the  region.  In  1908  a  fragment  of  a  hrecciated  limestone  was 
picked  up  in  the  moraine  near  the  Granite  Pillars  at  the  lower  end  of  the  glacier  and 
many  much  larger  fragments  were  reported  there.  This  proved  to  contain  embryonic 
forms  of  the  Camhrian  fossil  coral  Archaeoci/dtJms* 

This  discovery  had  a  curious  confirmation  in  the  dredgings  of  the  Scotia  in  the 
Weddell  Sea  on  the  other  side  of  the  continent  for  in  them  were  found  specimens  of  a 
white  limestone  containing  Archaeoc(/athus.'\ 

The  last  expedition  has  also  confirmed  the  discovery  in  the  Beardmore  region  hut 
again  only  from  specimens  gathered  from  the  moraines. 

'hhe  interesting  point  about  these  discoveries  is  that  so  far  the  fossils  have  always 
been  found  in  a  coarse  breccia  of  limestone  fragments,  very  dolomitic  in  character  and 
held  together  hy  a  lighter  calcareous  cement  which  includes  also  fragments  of  sandstone, 
angular  fragments  of  quartz,  and  shale.  As  far  as  can  he  ascertained  none  of  the 
fragments  have  l)eeu  picked  up  al)Ove  the  Cloudmaker,  and  certainly  they  all  seem  to 
Ijelong  to  the  western  lateral  moraine.  That  would  lead  us  to  suspect  an  origin  from 
the  very  base  of  the  sediments  as  seen  in  Alount  Bell,  since  the  base  only  conies  above 
the  glacier  surface  about  there.  That  there  is  a  definite  Camhrian  horizon  there, 
however,  is  very  uncertain,  and,  in  view  of  the  fact  that  only  a  breccia  of  peculiar 
character  has  been  found  as  vet  with  these  fossils.  Professor  David’s  suQ-o-estion  is 
possibly  correct  that  the  breccia  was  at  the  base  of  the  Beacon  Sandstone  formation  and 
was  derived  trom  strata  in  another  locality.  At  any  rate  there  seems  no  good  reason 
for  suggesting,  as  was  done  by  one  of  the  original  discoverers,  that  the  calcareous  lime¬ 
stone  of  Mount  Darwin  on  tlie  summit  is  the  parent  of  these  breccias,  for  iMount 


*  British  Antarctic  Expedition,  1907-9.  Geology.  Vol.  1  (1914),  pp.  235-243. 
f  Scottish  National  Antarctic  E.xpedition.  Trans.  Royal  Soc.  Edinburgh,  1920,  vol.  52,  pp.  681-714. 
Cambrian  Organic  remains  from  the  Weddell  Sea.  By  W.  T.  Gordon. 
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Darwin  appears  to  l)e  merely  a  continnation  of  the  sandstone  beds  of  Buckley  Island 
as  it  has  the  same  appearance  and  gentle  dip  to  the  sonth-west. 

On  the  evidence  at  hand,  therefore,  we  regard  the  Beardmore  region  as  very  similar 
in  structure  and  history  to  the  greater  part  of  the  plateau  escarpment  of  South  Victoria 
Land,  with  its  universal  level-bedded  sandstone  formation  restiiio-  on  a  foundation  of 
plutonics  and  Pre-Caml)rian  rocks. 


No.  4b.  -THE  SLATE-GREYWACKE 
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INTRODUCTION.  (R.E.P.) 

In  Feliruary  1911,  tlie  Nortlieru  Party  of  tlie  Scott  Antarctic  Expedition  of  1910-13 
was  landed  at  Cape  Adare,  Roliertson  Bay,  to  occupy  its  time  snrveying  tins  region 
niitil  it  conld  lie  picked  np  and  transferred  t(j  a  more  favouralde  area.  During  tlie 
year  attempts  were  made  to  sledge  nortliward  along  the  coast  towards  Smith’s  Inlet 
and  Cape  North,  Imt  these  were  frustrated  Ijy  unfavourahle  ice  conditions. 

As  late  as  August  hreaks  in  the  sea-ice  north  of  the  liay  'were  taking  place 
cimtinnally,  the  whole  sheet  heing  coiistautly  on  tlie  move.  The  pools,  leads,  and 
“  polynia”  that  were  continually  heing  opened  up  liy  the  screwing  of  the  “  pack”  and 
hy  tlie  frecjiieut  gales  of  hurricane  force  w^ere  at  once  covered  over  with  a  tough  skin 
of  new  ice  which  rendered  sledging  and  hoating  alike  imjiossilile. 

Under  the  circimistaiices,  the  attention  of  the  sledge  parties  was  necessarily 
confined  to  the  relatively  inaccessihle  shores  of  Pohertson  Bay.  Several  trips  were 
made  south  and  w^est  from  Cape  Adare,  hut  all  were  comparatively  short  as  can  he 
seen  from  the  accompanying  map  (Fig.  8,  p.  122).  The  oliservations  made  during  this 
spring  and  early  summer  are  therefore  strictly  local  in  their  application.  They  are, 
how^ever,  of  interest  because  they  apply  to  a  portion  of  South  Victoria  Land  structurally 
different  from  the  other  regions  to  the  south  which  have  lieeii  examined  in  some  detail 
hy  the  British  ex^^editious. 

This  difference  proliahly  also  applies  to  the  regions  to  the  north,  for  the  country 
north  of  Smith’s  Inlet,  although  presumahly  exposed  to  almost  the  same  weathering 
and  denuding  agencies  (though  possil)ly  exercised  in  rather  different  proportions  owing 
to  climatic  variation),  is  of  an  entirely  different  type. 

■*  Iji  No.  4b,  R.  II.  Rasball  has  described  the  specimens,  and  K.  E.  Priestley  has  sup])lied  the  notes 
on  the  field-geology. 
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Eoliertsou  Bay  is  l)or(lered  on  its  west,  and  older,  side  by  the  Admiralty  Eange 
of  mountains  comparatively  little  dissected  and  with  the  spurs  of  their  foothills  dipping 
steej^ly  to  the  sea.  This  range  differs  markedly  in  its  broader  external  characters  from 


the  portions  of  the  Antarctic  horst  both  to  the  south  and  to  the  north.  Its  onlv 
near  analogue  can  be  seen  in  the  Boyal  Society  Range  which  has  i\lounts  Lister  and 
Huggins  of  about  the  .same  order  of  height  as  ^Mounts  IMinto  and  Adam  in  the 
Admiralty  Range.  To  the  south  a  much  lower  phase  is  seen  in  the  tabular  mountains 
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whose  most  iiortlicrD  representatives  visil)lc  from  the  coast  are  Mounts  Tjarsen  and 
Nansen  and  whicli  owe  their  characteristic  shape  to  tlie  fact  that  tliey  are  capped  hy 
the  horizontal  ly-hedded  Beacon  t^andstone. 

To  the  north  of  Smitli’s  Inlet  again,  the  mountains  arc  also  much  lower  and 
they  are  hordered  on  their  seaward  side  hy  a  hroad  plateau,  one  or  two  thousand  feet 
altove  sea-level,  which  is  strongly  suggestive  of  a  fault  parallel  to  the  main  coastal 
fault  bordering  the  sunken  area  of  the  Ross  f^ea.  A  long  strip  several  miles  broad 
seems  to  have  been  dropped  some  thousands  of  feet  in  I'elation  to  the  main  horst 
behind. 

It  was  unfortunate  that  heavy  pack-ice  prevented  a  nearer  approach  in  this 
latitude,  for  the  country,  in  addition  to  its  greater  interest  tectonically  and  probably 
joetrologically,  appeared  much  more  accessible  to  sledging  parties  than  that  immediately 
round  Cape  Adare. 

The  question  arises,  in  view  of  the  main  features  of  the  geology  of  the  Cape  Adare 
region  Avhich  are  touched  upon  in  the  following  pages,  whether  the  foothill  region,  at 
any  rate,  of  the  Admiralty  Range  lielongs  essentially  to  the  same  tectonic  unit  as  those 
regions  farther  to  the  south  which  have  l)een  examined.  In  the  Beardmore  Glacier, 
the  Koettlitz-Ferrar  area,  the  Granite  Harl)our  region,  and  the  Terra  Nova  Bay 
district,  the  essential  formations  are  practically  the  same,  though  differing  somewhiat  in 
facies  as  might  be  expected.  The  resemlhance  is  very  striking  leaving  no  doubt  of 
the  tectonic  unity  of  the  whole  coastline  from  85°  S.  to  74°  8.  In  Adelie  Land,  again, 
the  Mawsou  Expedition  has  proved  the  existence  of  the  Beacon  Sandstone  formation, 
the  dolerite  sills,  the  granite  intrusions,  and  the  Archaean  basal  complex. 

In  the  Robertson  Bay  area,  however,  the  most  striking  of  these  formations  —the 
first  and  last  mentioned  above— are  conspicuous  I)y  their  absence  except  for  one  or  two 
possible  examjdes  in  the  high-level  moraines  which  belong  to  a  period  of  far  greater 
glaciation  than  the  present. 

The  scanty  evidence  for  and  against  the  hypothesis  that  the  whole  of  this 
somewhat  important  region  consists  of  a  great  l)0ss  flanking  the  old  Continental  Shield 
of  East  Antarctica  will  perhaps  be  better  seen  after  a  short  description  has  been  given 
of  the  formations  actually  present.  It  is  the  only  geological  problem  of  any  great 
interest  whiclr  awaits  solution  in  this  particular  area.  Other  observations,  and 
particularly  those  pertaining  to  the  later  tectonic  history  of  the  area,  are  simply 
confirmatory  of  much  that  is  now  known  with  fair,  certainty  from  the  other  areas 
mentioned. 

Whatever  may  be  the  truth  al)out  the  early  history  of  the  district,  it  is  certain 
that  in  Tertiary  and  Recent  times  it  has  behaved  as  a  portion  of  the  main  South 
Victoria  Land  complex.  For  instance,  it  has  taken  part  with  the  latter  in  the  block- 
faulting  with  accompanying  volcanic  activity  which  produced  amongst  other  marked 
features  the  South  Victoria  Land  horst  and  the  sunken  area  known  to  geographers  as 
the  Ross  Sea. 
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GENERAL  DESCRIPTION  OF  THE  SLATE-GREYWACKE 

FORMATION. 

The  oldest  rocks  met  with  in  this  area — apart  from  certain  erratic  Idocks — are  a 
series  of  sediments  ranoino;  from  fine-oTained  slates,  throuo-h  more  or  less  massRe 
mudstones  and  Hagstones,  to  a  type,  of  rock  l)est  described  as  a  rather  coarse  grey- 


waolce. 


Tliey  show  everywliere  a  prevailing  greyish-green  or  green  -colour,  and  are  of 
very  compact  texture,  the  finer  varieties  being  very  strongly  cleaved  and  much  slicken- 
sided,  often  with  a  silky  lustre,  l:)ut  never  sufficiently  crystalline  to  l)e  called  phyllites. 
Tlie  main  cleavage  lines  run  in  a  north  and  south  direction,  more  or  less  parallel  to  the 
coast  (Plate  1,  Fig.  1).  As  seen  in  the  field,  the  l)eddiug  is  much  ol)SCured  by  the 
cleavage,  but  in  places  it  is  clear  that  the  whole  series  is  thrown  into  anticlines  and 
synclines,  the  axes  of  which  appear  to  run  in  a  general  N.E.-S.W.  orX.— S.  direction.  In 
Plate  1,  Figs.  2,  3,  and  4,  the  l)edding  is  clearly  seen  and  the  folding  is  also  conspicuous. 
'This  folding  was  in  all  })robability  produced  by  pressure  from  an  easterly  direction, 
crumpling  and  compressing  the  rocks  against  the  more  rigid  continental  mass  to  the 
west.  It  is  also  more  pronounced  towards  the  south  of  the  area,  the  anticlines  and 
synclines  further  north  being  much  shalhjwer  than  those  of  Duke  of  York  Island.  The 
folds  can  be  best  seen  on  the  north  face  of  this  island,  but  unfortunately  no  good 
photograph  was  here  obtained. 

'Die  formation  was  examined  along  the  coast  at  intervals  from  the  rocky  bluff 
between  the  George  Newnes  Glacier  and  the  ^Murray  Glacier  northwards  to  Turret 
Island  beyond  the  entrance  to  Robertson  Bay.  Exposures  of  rock  were  numerous,  but 
at  only  two  places  was  it  possiltle  to  ascend  the  cliffs  w-ithout  special  climbing  equip¬ 
ment.  These  places  were  Duke  of  York  Island,  and  the  most  southerly  bluff  of  all 
where  the  basalt  of  the  Cape  Adaro  volcanic  series  cuts  across  the  sediments  in  a  dead 
straight  line,  with  features  suggesting  a  fissure  eruption  on  a  small  scale.  Unfor¬ 
tunately  at  ])oth  these  places  the  rock-exposures  were  limited  to  isolated  bluffs  cut  off 
from  the  lunterland,  in  the  former  case  by  a  glacier,  and  in  the  latter  l)y  a  field  (T 
iughland  ice  of  considerable  extent. 

Specimens  of  rock  m  situ  were  collected  at  a  considerable  number  of  points,  as 
indicated  l)y  crosses  on  the  map  (Fig.  8).  The  -most  important  localities  were  as 
follows: — Duke  of  \ork  Island,  Penelope  Point,  Relay  Bay,  Islands  Point,  north  side 
of  Birthday  Point,  Pressure  Bay,  Cape  Barrowg  and  Turret  Island.  On  examination  of 
specimens  and  slices  it  was  found  that  the  whiole  series  showed  a  remarkable  degree  of 
uniformity,  though  in  a  general  way  they  can  be  referred  to  three  types  : — coarse 
greywackes,  fine  greywackes,  and  well-cleaved  slates. 


"■  Specimens  of  some  of  these  rocks,  mostly  from  Duke  of  York  Island,  were  collected  by  the 
“Southern  Cross  ”  Antarctic  Expedition  and  hav’e  been  briefly  described  by  G.  T.  Prior  [Report  on  the 
Collections  of  Natural  History  made  m  the  Antarctic  Regions  during  the  Voyage  of  the  “  Southern  Cross.” 
London,  1902,  p.  325]. 
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PETROGRAPHY  OF  THE  ROCKS.  (R.H.R.) 

]\lieroscopic  cxaniiiiatioii  of  tliiii-sectious  sliows  tliat  in  tlic  great  majority  of  the 
specimens  the  grains  rarely  exceed  I  mm.  in  diameter,  and  most  are  liner  than  tliis. 
As  a  ride  the  grains  in  any  one  layer  arc  very  uniform  in  size,  althougli  in  tlie  same  section 
there  is  often  coiisiderahle  variation  in  this  respect  from  one  layer  to  another.  The 
most  striking  general  characteristic  of  the  rocks  as  a  whole  is  the  extreme  angularity  of 
the  constituent  grains  :  the  significance  of  this  feature  is  discussed  later.  The  textures  of 
the  coarser  types  are  aliout  what  iu  a  less  consolidated  rock  would  lie  called  a  sandstone 
and  none  of  the  specimens  found  in  situ  are  sutiiciently  coarse  to  lie  descrilied  as 
conglomerates. 

In  all  the  specimens  examined  of  whatever  grade  the  commonest  clastic  mineral 
is  ({uartz.  Tliis  is  obviously  derived  from  two  distinct  sources  ;  from  vein-puartz  and 
from  (piartzites.  In  some  instances  the  vein-(|uartz  contains  vermicular  chlorite.* 
The  (juartzite-puartz  in  some  instances  is  derived  from  rocks  of  exceedingly  line 
texture,  and  in  many  specimens  small  chips  and  grains  of  mudstone  and  slate  are 
common.  In  the  coarser  types  (greywackes)  a  small  proportion  of  felspar  is  alimist 
invarialdy  present,  including  both  orthoclase  and  plagioclase  with  a  small  extinc'tion 
angle.  White  mica  is  very  abundant  in  Hakes  of  all  sizes  :  in  the  greywackes  the  larger 
Hakes  are  certainly  original  and  clastic,  but  the  liuer-grained  rocks  contain  a.  good  deal 
of  oliviously  secondary  sericitic  mica  along  cleavage  jilanes.  Very  rarely  flakes  of 
almost  fresh  biotite  are  seen,  and  in  some  specimens  large  Hakes  of  chlorite  most 
probal)ly  represent  detrital  biotite.  Thus  puartz,  felspars,  aud  micas,  with  rock-chips, 
are  the  main  constitueuts  of  the  coarser  rocks,  aud  it  may  be  inferred  that  the 
same  applies  to  the  liner  types.  In  none  of  the  numerous  thin-sectious  examined  was 
discovered  any  of  the  usual  “heavy  minerals”  or  a  single  mineral  grain  whh'h  could  be 
definitely  attrilmted  to  rocks  that  have  undergone  a  high  grade  of  metamorphism, 
either  thermal  or  dynamic.  The  rocks  are  not  adapted  to  exaininatiou  by  crushing 
methods,  owing  to  their  hanluess  and  high  degree  of  cemesitation. 

It  is  noticeable  that  in  the  majority  of  specimens  of  the  c(.)a]'ser  types  the  edges  of 
the  larger  grains  are  not  (juite  sharp  :  each  grain  is  as  a  rule  very  slightly  corroded  at 
the  edges,  as  if  l)y  reaction  with  the  constituents  of  the  ground-mass,  thus  indicating 
a  very  low  grade  of  metamorphism.  This  elfect  is  extremely  common  iu  the  coarser 
arenaceous  sediments  in  general  when  somewhat  crushed  and  sheared. 

The  principal  mineral  constituents  of  the  liner  matrix  of  the  rocks,  the  cementing 


*  Prior  (luc.  cit.)  noted  the  development  of  vermicular  chlorite  near  the  contact  of  contorted  quartz 
veins  with  the  equally  contorted  .slates. 
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material,  are,  so  far  as  can  be  determiucd,  quartz,  mica,  cliloritc,  and  carbonates.  It  is 
to  the  chlorite  in  the  cement  that  the  prevailing  green  cohjur  is  due.  (If  these  con¬ 
stituents  the  mf)st  interesting  are  the  carbonates,  -which  in  very  many  specimens  are 
more  or  less  aggregated  into  spots,  and  often  markedly  so.  In  some  specimens  the 
carbonate  is  mainly  calcite,  but  it  is  usually  chalyljite,  with  probably  some  dolomite  or 
aukerite.  This  abundance  of  iron  carbonate  is  one  of  the  most  noteworthy  characters 
of  the  rocks,  when  fresh.  In  more  weathered  specimens  the  chalybite  is  oxidized  and 
hydrated  and  gives  a  still  more  strongly  spotted  appearance. 

The  finer-grained  rocks  are  even  more  monotonous  and  uniform  in  character  than 
the  coarser-grained  greywackes  described  above,  the  principal  variations  here  being  in 
the  amount  of  cleavage.  The  less  cleaved  varieties  may  be  descril  )ed  Indefly  as  chloritic 
and  rather  calcareous  mudstones,  while  the  more  cleaved  slates  usually  show  a  large 
proportion  of  sericitic  mica,  which  accounts  for  the  appearance  of  sheared  and  slickensided 
surfaces,  f^ome  of  the  finer  gritty  rocks  also  show  a  certain  amount  of  shearing,  often 
confined  to  particular  bands,  and  along  these  shear-bands  mica  is  also  developed. 

A  few  specimens  of  slightly  aberrant  character  from  various  localities  are  worthy 
of  very  lu’ief  mention.  A  rock  of  unusually  light  colour  from  Duke  of  York  Island 
(713)  is  a  quartzite  of  very  irregular  and  uneven  texture  :  in  some  shear  planes  the 
distinction  between  grains  and  matrix  has  disappeare'd  and  it  is  difficult  to  make  out 
how  much  of  the  quartz  is  secondary.  Another  specimen  from  Islands  Point  (844)  is 
best  described  as  a  felspathic  sandstone  with  a  calcareous  cement.  The  carbonate 
here  is  calcite,  not  chalybite.  Another  specimen  from  Turret  Island  (815)  is  of  almost 
similar  character.  Some  specimens  from  Pressure  Bay  show  a  pronounced  nodular 
structure,  with  concentric  l)anding,  at  first  sight  very  suggestive  of  fossils,  but  a 
careful  examination  by  Mr.  H.  Woods  yielded  no  definite  evidence  of  organic  structure. 
The  rock  (890-895)  is  a  fine  grit  or  mudstone  and  the  banding  consists  of  lines  and 
specks  of  iron  oxide,  often  with  a  rhombohedral  outline  and  thus  obviously  derived 
from  crystals  of  chalybite. 

At  several  localities  cubes  (A  pyrites  *  are  found  in  the  slaty  rocks  in  Auirying 
(|uantity,  and  the  rocks  are  often  stained  brown  l)y  its  oxidation  jn-oducts. 

The  whole  of  the  slate-grey wacke  formation  is  permeated  by  lenticles,  A'eins,  and 
stringers  of  quartz,  associated  with  chlorite,  calcite,  dolomite,  chalybite,  and  ^pyrites 
(Plate  1,  Fig.  5).  Careful  examinatiou  in  the  field  and  in  the  laboratory  indicate 
that  these  veins  are  l)aiTen  of  mineral  deposits  of  economic  importance,  only  an 
occasional  small  crystal  of  1  )lende  or  galena  having  been  observed  in  them. 

The  weathered  surfaces  of  these  rocks  often  show  a  curious  type  of  fretting 
proljably  dne  to  wind-action  (Plate  1,  Fig.  6),  and  on  this  pitted  surface  the  quartz 
veins  stand  out  strongly. 


*  The  “Southern  Cross”  siDecimens  (loc.  cit.  on  p.  124)  were  mainly  of  this  type  since  they  were 
collected  by  C.  E.  Borchgrevink  as  ore-specimens  on  account  of  the  iron-pyrites  they  contained. 
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PETROGRAPHY  OF  THE  ERRATICS  OF  SEDIMENTARY 

ROCKS.  (R.H.R.) 

Tlie  greater  part  of  the  erratics  seen  on  the  Newnes  and  Murray  Cflaciers  consisted 
of  rocks  of  the  slate-grey wacke  formation,  most  of  them  in  all  essential  features 
identical  with  the  types  just  described.  There  is,  however,  one  rock  from  the  Newnes 
Glacier  of  consideral)le  interest,  representeil  l)y  several  specimens,  and  worthy  of  a 
detailed  description. 

This  rock  is  a  conglomerate  of  remarka1)ly  even-grain  and  variegated  appearance. 
Under  the  microscope  the  pebbles  (mostly  3  mm.,  rarely  over  4  mm.  in  diameter) 
are  seen  to  consist  of  vein-quartz,  quartzite  of  varying  grades,  mudstone  and 
greenish  slate,  (juartz-calcite  rocks  (not  markedly  schistose),  fresh  felspar  especially 
plagioclase,  and,  most  interesting  of  all,  brown  to  red  lavas  of  various  kinds  showing 
typically  characteristic  fine-grained  trachytic  and  orthophyric  structures.  Most  of 
these  volcanic  rocks  are  very  fresh.  Many  of  tire  fragments  in  the  conglomerate  are 
remarkably  angular,  though  some  of  the  larger  ones  are  somewhat  rounded.  The  fine 
cementing  material  is  mainly  of  a  muddy  nature,  but  includes  a  good  deal  of  calcite. 

Two  or  three  specimens  from  the  Murray  Glacier  may  also  l)e  mentioned  briefly. 
One  is  a  micaceons  sandstone  which  contains  Hakes  of  fresh  Ijiotite  and  may 
perhaps  be  best  descril)ed  as  an  arkose  since  it  has  more  felspar  than  usual.  Another 
is  a  fine-grained,  chloritic,  gritty  rock,  with  marked  current-bedding  clearly  brought  out 
l)y  alternating  green  and  cream-coloured  or  pale-browm  bauds.  It  is  ronglily  cleaved 
at  right  angles  to  the  bedding,  producing  a  kind  of  flaggy  structure. 

A  grey,  silky-looking,  and  much  crumpled  rock  show^s  very  numerous  pink  and 
white  oval  spots  of  chalybite  up  to  alxjut  2x1  mm.  This  rock  may  perhaps  be 
described  as  a  spotted  phyllite  and  suggests  a  somewhat  higher  degree  of  metaniorphism 
than  the  other  specimens.  Eenioval  of  the  carbonates  l)y  l)oiling  with  acid  increased 
the  general  phyllitic  and  crystalline  appearance  of  a  small  fragment.  Another  spotted 
rock  when  examined  microscopically  showed  that  tlie  spots  were  rhombohedral  crystals 
of  carl)onates,  with  zones  apparently  containing  varying  proportions  of  iron. 


EXTENT  OF  THE  SLATE-GREYWACKE  FORMATION. 

As  before  stated,  specimens  of  the  slate-greywacke  formation  in  situ  were  only 
obtained  at  points  along  the  coast  of  Robertson  Bay,  l:)ut  a  considerable  iidand  ex¬ 
tension  of  the  same  rock-types  is  indicated  by  the  fact  that  the  existing  glaciers  carry  a 
large  amount  of  deljris  from  this  formation,  together  wdth  blocks  of  the  younger 
volcanic  series  and  ot  a  granite  wfliich  has  broken  through  it  and  which  may  form  the 
main  mass  of  the  mountains  behind.  Some  high-level  moraines  on  Cape  Adare  carry 
blocks  ot  schist,  a  (piartzite  similar  to  that  of  the  Beacon  Sandstone,  a  ty})i('al  dolerite, 
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and  a  coarse  porpliyritic  gneiss  like  tliat  found  ni  situ  in  the  Terra  Xova  Bay  region 
and  as  an  erratic  at  Cape  Trizar.  This  suggests  that  at  the  last  glacial  maximum  the 
ice-streams  l)roug]it  material  from  heyond  the  limits  of  the  slate-greywacke  outcrop, 
wliicii  we  may  thus  infer  is  hounded  to  the  west  hy  the  hasal  Archaean  complex  over- 
lain  hy  tlie  Beacon  liand'stone  with  its  dolerite  sills.  How  far  inland  this  houndary 
may  he  is  unknown. 


ORIGIN  AND  AGE  OF  THE  FORMATION. 

From  the  foregoing  descri})tions  it  is  obvious  that  these  rocks  heloug  to  a  typically 
sedimentary  series  of  very  uniform  character,  tlie  chief  variation  heing  in  the  degree  of 
(Z)arseness  of  the  material,  which  in  its  turn  has  determined  the  susceptihility  or  other¬ 
wise  to  cleavage.  The  rocks  are  notably  well-stratified,  sometimes  showing  false-bedding, 
and  the  material  is  well  graded.  The  general  appearance  of  the  rocks,  with  their 
prevailing  grey  and  green  colours,  suggests  a  considerable  age :  in  fact  they  present  the 
characteristics  usually  associated  with  Palaeozoic  or  Algoiikian  sediments.  Among 
British  formations  their  nearest  analogue  is  fo  be  found  in  the  Ingletoniau  series,  to 
which  indeed  they  show  a  strong  resemblance.  If  the  erratics  of  conglomerate  are 
assumed  to  belong  to  the  slate-greywacke  formation,  the  resemblance  is  still  stronger, 
as  this  is  very  like  the  coarser  grit  of  Chapel-le-Dale,  Yorkshire,  known  commercially 
as  “  fngleton  Granite.” 

Actual  definite  evidence  of  ago  however  is  scanty.  The  slate-greywacke  rocks 
certainly  look  older  than  the  Beac()n  Sandstone  and  its  underlying  shales  with 
Devonian  fossils.  Hence  it  would  appear  to  follow  that  the  slate-greywacke  series  is  at 
least  as  old  as  Ijower  ralaoi)zoic.  The  acdual  mineral  composition  of  the  rocks  does  not 
afford  much  help  in  this  direction.  It  is  pretty  safe  to  say  that  they  have  not  been 
formed  directly  from  a  series  of  crystalline  schists,  siiice  the  larger  included  rock-frag¬ 
ments,  when  identifiable,  are  mainly  (juartzites  (T  a  low  grade  of  recrystallization  and 
sericitic  clay-slates  without  recognizable  metamorphic  minerals.  In  fact  they  seem  to 
be  made  up  of  the  debiis  of  another  rock-series  very  like  themselves,  with  a  small 
addition  of  igneous  material  possibly  volcanic. 

The  most  characteristic  secondary  minerals  are  chlorite,  carbonates  (especiallv 
chalybite),  and  pyrites,  which  indicate  only  a  mild  degree  of  metamorphism. 

As  to  the  origin  of  these  sedimentary  deposits,  it  is  clear  that,  however  thev  were 
foi’ined,  there  was  little  or  no  rolling  action.  The  extreme  angularity  of  the  grains 
suggests  frost-shattering,  and  the  freshness  of  the  felspars  is  also  another  important 
point  indicating  a  minimum  (.)f  chemical  weathering.  However,  the  even-grading  of 
the  sediment  and  the  regularity  of  the  l)edding  are  against  actual  deposition  bv  ice, 
and  this  leaves  wind  oidy  as  a  possible  agent  of  deposition. 

8u(‘h  extremely  angular  fragments  and  clear  nnweatheretl  felspars  as  occur  in  the 
coarser  bands  in  these  sediments  can  be  exactly  paralleled  in  the  residual  frost  and 
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thaw  deposits  of  Cajie  Adare  and  Ross  Island.  The  size  of  the  fragments  in  these 
localities  is  e(|nally  nniform,  though  generally  greater.  This  is  dne  to  the  sifting  action 
of  the  present-day  gales  and  blizzards  which  blow  all  material  below  a  certain. size  into 
the  sea.  The  liner  textnre  of  these  ancient  sediments  indicates  that  at  tlie  time  of 


common  occurrence  of  false-bedding  presents  no  dihiculty,  since  it  is  prevalent  in  dune- 
deposits,  and  is  also  commonly  observed  in  silt-deposits  forming  in  modern  glacier- 
streams. 

These  old  sediments,  therefore,  suggest  the  slioreward  phase  corresponding  to  the 
deposition  of  sand,  silt,  and  mud  in  the  adjacent  seas  of  the  period,  and  they  are  also 
indicative  of  a  climate  certainly  of  dry  type  and  ])robal:»ly  cold,  appro.ximating  some¬ 
what  closely  to  the  conditions  at  present  prevailing  in  tlie  Polai'  regions. 
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INTRODUCTION. 

As  recorded  Ity  11.  T.  Ferrar,  tlie  geologist  of  tlie  “  Dist^overy  ”  Expedition  of  TOOl-O-t, 
the  whole  of  the  coast  line  of  South  Victoria  Land,  from  Granite  Harbour  down  to  the 
Xoettlitz  Glacier,  consists  of  a  hjundation  series  of  metamorpliic  rocks.  AVhile  locally, 
and  especially  towards  the  north,  these  vary  to  a  considerable  extent,  there  is  sufficient 
similarity  in  their  field  relationships  to  allow  us  to  treat  them  as  of  common  origin 
and  age. 

They  are  particularly  strongly  developed  to  the  south  of  New  Harbour  and  less 
so  to  the  north,  but  this  difterence  is  due  largely  to  the  fact  that  the  southern  area 
contains  definite  fijothills  with  many  rock  exposures  while  the  northern  is  compara¬ 
tively  fiat  and  covered  with  the  ice  of  the  AVilson  Piedmont.  For  the  northern  area, 
therefore,  the  onlv  knowledoe  we  have  of  the  rocks  is  that  gained  from  an  examination 
of  the  few  rocky  headlands  that  jut  out  from  Ijeiieatli  the  ice  as  one  proceeds  up  the 
coast,  and  from  a  study  of  the  erratics.  Towards  the  plateau  the  land  rises  so  rapidly 
that  the  basal  rocks  are  soon  hidden  beneath  the  more  recent  series  of  igneous 
and  sedimentary  rocks,  and  the  farthest  west  thad^  the  metamorphics  have  been  met 
wfith  is  about  on  the  line  from  hill  m  (0,1(15  feet)!  in  the  Kukri  Hills  to  a  point 
opposite  Suess  Glacier  in  Dry  A^alley  some  20  miles  from  the  coast. 

No  junction  between  the  later  sediments  and  the  metamorpliic  series  has  yet  fieen 
found,  so  that  no  opinion  can  be  formed  as  to  the  nature  of  the  surface  of  the  latter 
at  any  period.  To  the  south  of  New  Harliour  the  metamorpliic  rocks  are  seen  forming 
the  tops  of  hills  at  5,000  feet  and  lioulders  are  found  at  4,000  feet,  but  northwards  in  the 
direction  of  Granite  Harliour  they  are  never  seen  more  than  1000  feet  above  sea-level. 

■*'  No.  5a  has  been  written  by  W.  Campbell  Smith,  in  collaboration  with  F.  Debenham  as  regards  the 
field-geology, 

t  For  maps  see  the  one  published  with  “National  Antarctic  Expedition,”  1901-4.  Natural  History. 
Vol.  1  (1907)  ;  also  map  facing  p.  291  in  “  Scott’s  Last  Expedition.”  London,  1913,  vol.  2. 
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Definite  contacts  Ijetween  tlie  metamorpliic  rocks  and  the  intrusive  granites  are 
not  known,  and  altliougli  exposures  in  tire  Kukri  Ilills  and  at  Cathedral  Eocks  are 
prolralrly  near  the  junction  notliing  very  definite  can  he  learnt  from  them.  At  nearly 
all  its  exposures  the  granite  is  seen  to  contain  very  frequent  inclusions  of  metamorpliic 
rocks  of  every  kind  represented  in  the  district,  many  of  them  of  considerable  size. 
They  have  evidently  ac(|uired  their  present  characters  before  the  intrusion  of  the 
granite  and  must  represent  fragments  of  the  foundered  roof  of  metamorpliic  rocks 
into  which  the  granite  mass  w'as  forced. 


CRYSTALLINE  LIMESTONES. 

Crystalline  limestones,  coarse-grained  and  generally  pure-white  in  colour,  are  the 
most  striking  of  the  metamorpliic  rocks  of  this  region.  x41though  they  are  seen 
frequently  in  situ  they  occur  only  rarely  as  erratics,  except  close  to  their  source,  as 
they  crunilile  with  great  ease  when  weathered.  They  have  been  recorded  and  described 
by  Ferrar^'and  Prior  f  from  the  Northern  and  Southern  Foothills,  and,  as  erratics, 
from  the  Koettlitz  Glacier. 

David  and  Priestley  J,  and  -Mawson  §  described  them  at  Cape  Bernacchi  and  Marble 
Point,  and  suggested  their  probable  extension  north  to  Dunlop  Island  where  two 
erratics  were  found.  j| 

The  present  expedition  has  extended  our  knowledge  of  these  rocks  in  the  Ferrar 
Glacier  region  and  has  recorded  them  in  place  on  the  top  of  Heald  Island  in  the  south, 
and,  as  erratics,  at  jMount  Suess,  90  miles  north  of  Ileald  Island.  There  are  indications 
that  they  may  extend  fiirther  north  to  the  Terra  Nova  Bay  region.' 

At  Ileald  Islainl  the  limestones  are  800  feet  thick  and  strike  a  little  west  of 
north  with  a  steep  dip.  Delnis  prevents  any  sequence  lieing  made  out,  but  gneisses 
and  schists  appear  to  be  in  situ  close  by. 

At  Salmon  Ilill,"^"^'  north  of  Davis  Glacier  in  the  Southern  Foothills,  the  whole 
hill  is  tornied  ol  massive,  grey,  pink-weathering  limestone  seamed  with  bands, 
probably  dykes,  ot  a  dark  rock,  all  trending  in  a  north-easterly  direction.jf  The  strike 
of  the  limestone  is  somewhat  west  of  north  and  the  beds  on  the  north-east  face  of  the 
hill  are  dipping  north-east  at  from  50°  to  70°.  The  limestone  was  estimated  at  from 
4,000  to  0,000  leet  thick,  and  is  believed  to  be  at  a  different  horizon  from  that  exposed 
at  Ileald  Island. 


*  Ferrar  (H.  T.).  National  Antarctic  Expedition,  1901— 4.  Natural  History.  Vol.  1  (1907),  pp.  25-29. 
t  Prior  (G.  T.).  „  „  „  „  „  ,,  p.  104^ 

if  1  )avid  (T.  W.  E.)  and  I’riestley  (R.  E.).  British  Antarctic  Ex2Jedition,  1907— 9.  Geoloffv.  Vol  1 
(1914),  p.  233. 

§  Mawson  (D.).  Brit.  Ant.  Exp.,  1907-9.  Geology.  Yol.  2  (191G),  p.  231. 

11  Skeats  (E.  5V.).  p.  195. 


See  lOg.  2,  p.  106,  in  No.  4  of  this  volume. 

tt  Similar  dark  veins  are  recorded  at  Hill  G4  by  Ferrar,  where  the  rock  is  allied  to  banakite. 
Ferrar  (H.  T.).  Loc.  cit.,  i>.  27.  Prior  (G.  T.).  lin'd.,  p.  133. 
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At  Cape  Bei'iiacehi  two  or  tliree  distinct  l)e(ls  of  limestone,  varying  in  tlnckness 
from  50  to  200  feet,  are  seen  flanked  1)y  scinsts  and  gneisses,  striking  nortli-nortli- 
west,  and  dipping  at  akont  30°  west.  David  and  Priestley, Lowever,  recorded  a  dip  of 
15°  N.  at  tlie  point  itself,  knt  noted  tliat  tlie  l)eds  liere  are  very  contorted. 

The  limestones  mentioned  hitherto  are  all  wdiite  saccharoidal  with  grains  varying 
from  2  mm.  to  1  mm.,  and  occasionally  showing  pale-grey  hands  :  they  arc  usually  very 
free  from  impurities,  hut  graphite,  hrowu  mica,  and,  more  rarely,  diopside  occur  hoth 
at  Salmon  Hill  and  at  Cape  Beruacclii. 

Farther  west  in  the  Kukri  Hills  limestone  was  recorded  hv  Ferrar  l)elow  hill 
m  (6,165  feet),  dipping  north-east  at  f0°  and  striking  north-west,  vdth  an  apparent 
thickness  of  1,000  feet.  Here  it  ahiits  on  a  grey  “  augen-gneiss  ”  hut  the  junction  was 
not  seen  hy  Ferrar.  The  limestone  collected  liy  Ferrar  is  white,  of  medium-grain, 
and  contains  a  little  grapliite  and  a  pale- yellow  mica.  The  limestone  beds  appear  again 
outcropping  on  the  other  side  of  the  Kukri  Hills  opposite  where  the  Suess 
Glacier  readies  Dry  Valley.  Here  the  geologists  of  the  present  exjiedition  rer-orded 
several  beds,  one  100  feet  thick,  dipping  almost  vertically  and  lying  between  an  “  augen- 
gneiss  ”  on  the  cast  and  schists  on  the  west.  At  this  last  exposure  specimens  (Dl2F) 
of  two  kinds  of  limestone  were  collected,  l)oth  remarkable  in  that  tliey  contain 
cliondrodite  or  clinohumite. 

i 

Cue  is  palest-grey,  1'5  mm.  in  grain,  and  consists  mainly  of  calcite,  with 
many  specks  of  graphite,  a  few  small  flakes  of  a  pale-lirowii  mica,  prisms  of  treniolite 
in  small  patches,  and  pale-yellow  grains  of  a  mineral  of  the  cliondrodite  group  which 
shows  twill  laniellm  and  is  probably  clinohumite. 

The  other  is  a  pure-white  crystalline  limestone  similar  in  grain  to  the  aliove,  but 
containing  liands  rich  in  dark-brown  cliondrodite  and  violet-grey  spinel  in  octahedra  up 
to  2  mm.  across  (PI.  1,  Fig.  3).  Parts  of  this  rock  also  contain  abundant  grains  of  a 
pale-yellow  mineral  proliably  cliuoliumite.  The  other  minerals  present  are  a  very  pale 
brown  mica  and  apatite.  Staining  tests  show  that  there  is  a  considerable  proportion  of 
dolomite  present  but  the  carbonate  in  the  neighl)ourhood  of  the  cliondrodite  is  mainly 
calcite.  Some  specimens  show  the  cliondrodite  and  clinohumite  converted  into  lirown 
and  green  serpentine.  The  cliondrodite  sometimes  shows  crystal  outlines,  the  crystals 
reaching  a  diameter  of  3  mm.  The  pleochroism  is  very  marked,  l)ut  some  golden- 
yellow  cliondrodite  crystals  show  patches  c|uite  devoid  of  colour  tlioiigh  still  in 
crystalline  continuity  with  the  yellow  portion.  These  patches  are  identical  in  character 
with  the  colourless  grains  referred  to  clinohumite.  Similar  intergrowths  of  two  species 
have  been  described,  since  these  notes  were  written,  in  the  chondrodite-limestones  of 
Alarble  Delta,  Natal. f  The  cliondrodite  in  the  specimens  descril)ed  ])y  Prior  J  is  pale- 

*■  David  and  Priestley.  Loe.  cit.,  p.  233. 

•[•  Du  Toit  (A.  L.).  Quart.  Journ.  Geol.  Soc.,  1919,  vol.  75,  p.  130. 

t  Prior  (G.  T.).  Nat.  Ant.  Exp.,  1901-1.  Natural  History.  Vol.  1  (1907),  p.  121. 
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yellow,  in  the  Land-specimen,  quite  colourless  in  thin-section,  and  corresponds  with  the 
mineral  liere  referred  to  clinohumite. 

An  erratic  of  compact  white  limestone  (D27r),  collected  in  iJry  Valiev  below  the 
lliegel,  contains  small  patches  of  chondrodite  and  clinohumite  but  no  spinel. 

Chondrodite-limestones  occur  again  in  the  moraine  at  the  north  end  of  Gondola 
Ridge,  Mount  Sucss,  45  miles  to  the  north, where  five  erratics  (D83G)  were 
collected.  All  five  contain  minerals  of  the  chondrodite  group  or  their  brown  and  green 
serpeiitinization  products.  Spinel  was  observed  in  one  section  only.  The  green 
serpentine  in  these  rocks  differs  in  character  from  the  lu’own  and  shows  no  traces  of  the 
mineral  from  wdiich  it  was  derived.  The  brown  serpentine,  on  the  other  hand, 
fre(|uently  encloses  relics  of  clinohumite.  It  is  pale-yellow  in  thin-section  and  is 
made  up  of  small  fibres  of  hnv  birefringence,  po.sitive  elongation,  and  refractive  index 
near  1'55:  it  encloses  fibres  of  actinolite  ?  and  colourless  crystals  too  thin  to  give 
any  definite  optical  characters.  It  contains  oidy  a  little  iron  and  no  alumina. 

Reference  has  already  been  made  to  inclusions  of  metamorphic  rocks  in  the  grey 
o’ranite  of  Granite  Harbour.  Amono-  these  there  are  two  large  masses  of  limestone. 
One,  known  as  “hlarble  Dyke,”  on  the  Flatiron  north  of  the  bay,  is  50-G0  feet  thick 
and  strikes  lunTh-north-west.  The  other  outcrop,  on  the  south  of  the  bay,  miles 
west  of  Cape  Geology,  is  100  feet  thick,  with  an  apparent  strike  slightly  east  .of  north. 
At  “  jMarble  Fyke”  the  limestone  is  Imunded  on  both  sides  l)y  a  thin  selvage  of  rocks 
described  in  the  field  as  “  schists.”  Both  nias.ses  show  at  their  edges  the  effects  of  contact 
metamorphism  which  will  be  descril)ed  in  No.  0  of  this  volume,  but  the  central  parts 
are  not  sensil)ly  afiected  and  probably  represent  fairly  well  the  nature  of  the  limestone 
Ijefore  its  inclu.sion  in  the  grey  granite.  The  specimens  collected  (DlOG)  show  that  the 
limestones  of'  these  included  masses  are  cjuite  similar  to  those  already  described  from 
Salmon  Hill  and  Cape  Bernacchi.  A  pale  chondrodite  occurs  sparingly  with  graphite 
in  thin  l)ands  in  one  specimen.  Gther  specimens  contain  thin  bands  rich  in  tremolite, 
and  grains  of  diopside  (O’  1  mm.)  are  found  occasionally.  One  specimen  from  “  Marble 
Dyke  ”  (D44G)  seems  to  differ  from  any  others  seen.  It  is  a  compact  white  limestone, 
with  rather  indefinite  pale-greenish  bands  which  stand  out  in  relief  on  weathered 
surfaces.  Idie  white  parts  consist  of  millimetre-grains  of  carbonate,  apparently  all 
dolomite,  with  very  rare  round  grains  of  diopside  (O’  1  mm.).  The  green  bands  are  rich 
in  pale-green  serpentine  associated  with  a  colourless  mineral,  believed  to  be  forsterite, 
occurring  as  irregular  broken  crystals.  The  bulk  of  the  carbonate  in  the  green  bands  is 
calcite,  w’hich  presents  idioniorphic  outlines  towards  the  serpentine.  The  identification 
of  the  colourless  crystals  as  forsterite  is  douljtful,  as  the  discrimination  of  this  mineral 
Ifoni  huniite  or  clinohumite  is  very  difficult  and  it  seems  by  no  means  certain  that  the 
greenish  colour  or  the'  nature  of  the  serpentine  is  distinctive.!  The  above  description 


*  See  Map,  Fig.  IG,  p.  yG,  ia  No.  3  of  this  volume, 
f  Sec  Du  Toit  (A.  L.).  Loc.  cit.,  p.  130. 
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of  these  iuclucled  masses  clearly  shows  that  the  crystalline  limestones,  including  the 
chondroditediniestones,  were  in  their  present  condition  before  the  intrusion  of  the  grey 
granite.  The  limestones  seem  to  contain  highly  dolomitic  Ijands  which,  under  certain 
conditions  of  metamorphism,  have  given  rise  to  tremolitc  and  calcite  ;  while,  under 
certain  other  conditions,  presumably  those  of  contact  metamorphism  with  tluorine 
present,  chon<lrodite-minerals  and  spinel  have  resulted.  Ferrar  recorded  the  limestone 
on  the  south  of  the  Kukri  Hills  as  abutting  against  aii  “  augen-gneiss,”  A  similar 
gneiss  is  in  close  proximity  to  the  chondrodite-liniestone  in  Dry  Valley.  We  shall 
descrilie  this  gneiss  Ijehnv  (p.  142)  and  shall  show  that  there  are  some  indications  that  it 
was  intruded  after  the  limestones  and  other  sediments  had  undergone  the  intense 
metamorphism  wliich  converted  them  into  crystalline  limestones,  schists,  ami  para- 
gneisses.  It  is  probably  to  the  intrusion  of  this  gneiss  that  the  production  of  the 
chondrodite  is  to  be  attributed. 


PYROXENE-GRANULITES. 

(PARA-DIOPSIDE-GRANULITES). 

Before  proceeding  to  desciibe  the  schists  and  gneisses  found  in  place  in  tlie 
IMcMurdo' Sound  area  we  must  notice  certain  occurrences  of  com])act,  hard,  green  rocks, 
found  as  erratics  at  CVipe  Royds  iiy  the  Expedition  of  1907-9,  and  descril)ed  liy 
AValkom  as  pyroxene-granulites.*  Tliese  rocks  have  nowhere  been  seen  in  place  except 
as  inclusions  in  tlie  grey  granite  of  (Iranite  llarljour  or  as  selvages  to  the  included 
masses  of  limestone  mentioned  a1)ove.  That  they  tu’e  not  contined  to  the  area  of  tlie 
grey  granite  seems  to  be  indicated,  however,  l:>y  their  discovery  as  erratics  liy  Ihiestley 
on  his  journey  down  the  coast.  They  were  found  at  Tripp  Island,  Gneiss  Point,  Maihlc 
Point,  and  Gape  Bernacchi,  and  one  specimen  (D36G)  was  c(dlected  by  Del)enhani 
ill  situ  at  jMarlde  Point.  During  the  Expedition  of  1901-4  Ferrar  collected  an  erratic 
(584)  in  the  east  fork  of  the  Ferrar  Glacier  l)ut  no  description  was  piddished. 

AValkom  gave  detailed  descriptions  of  fifteen  erratics  of  these  rocks  which  he 
grouped  for  conveuiem-e  into  acid,  ]ta.sic,  and  scapolite-bearing  pyr(jxene-granulites. 
Thougli  conip(jsed  of  a  few  minerals  showing  very  constant  characteristics,  the  relative 
proportions  of  these  constituents  arc  extremely  variable.  There  is  prol)ably  complete 
gradation  from  types  rich  in  quartz  to  other  types  (piite  free  from  it.  AA^e  shall  here 
describe  only  those  types  which  differ  markedly  from  any  of  AAhdkom’s  specimens. 

Priestley’s  c<dlection  contains  only  two  specimens  of  AAhxlkom’s  “  acid  ”  class,  one 
(2077)  resembling  closely  AGalkom’s  P.  2G0,f  the  other  (2109),  very  rich  in  (|uartz 
and  with  the  pyroxene  in  very  small  grains  (O' 05  mm.),  showing  clear  indications  of  its 


*  Walkom  (A.  B.).  Brit.  Aiit.  Exp.,  1907-9.  Geology.  Vol.  2  (191G),  pp.  161-168. 
f  Walkom  (A.  B.).  Loc.  cii.,  PI.  1,  Fig.  1, 
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sedimentary  origin.  The  quartz  grains  vary  in  diameter  from  0  •  1  to  0  •  2  mm.  and  are 
arranged  parallel  to  the  planes  of  foliation,  as  are  also  the  pyroxene  crystals.  The 
rock  contains  thin  layers  rich  in  hiotite,  which  become  gradually  more  and  more 
frequent,  so  that  there  is  a  gradual  passage  to  a  l)iotite-gTanulite  or  biotite-schist. 

Typical  scapolite-bearing  examples  are  not  represented,  and  indeed  in  Priestley’s 
sj^ecimens  scapolite  occurs  only  under  exceptional  circumstances  where  a  band  of 
pyroxeue-granulite  is  in  contact  with  a  biotite-granulite  described  below  (p.  139). 

Six  specimens  collected  at  Marble  Point  and  Cape  Bernacchi  (2050,  2099,  2101, 
2105,  2117,  2138)  and  one  from  Gneiss  Point  (2036)  possess  the  general  .characters 
of  Walkom’s  “  basic  ”  class  containing  no  quartz.  They  contain  very  variable  amounts  of 
pyroxene  In  one  case  this  mineral  forms  the  bulk  of  the  rock,  which  is  traversed  by 
one  or  two  felspathic  veins ;  in  other  specimens  its  proportion  varies  from  25  to  50  per 
cent,  lii  the  felspar  the  highest  extinction  angle  observed  was  26°,  corresponding  to 
andesine-labradorite.  Spheue  is  always  present  as  irregular  grains  or  spindle-shaped 
crystals.  Apatite  sometimes  occurs  as  small  needles  in  the  felspar.  All  these  rocks 
are  yelhnvish-green  in  colour.  Those  composed  mainly  of  pyroxene  are  granular  and 
have  a  rough  fracture  ;  types  richer  in  felspar  are  compact  and  their  fracture  is  smooth. 
The  grain-size  va]‘ies  from  O' 2  mm.  to  0’6  mm.,  l)eing  coarsest  in  the  pyroxene-rich 
types.  The  texture  of  all  is  granulitic. 

At  the  same  localities  and  prol)ably  weathered  out  of  the  limestones  were  found  two 
dark-green  nodular  masses  with  granulitic  texture  (2048,  2100),  consisting  almost 
entirely  of  pyroxene  and  sometimes  containing  pyrites  in  crystals  4  mm.  in  diameter. 
The  pyroxene  gives  extinction  y  -.c  —  47°.  In  thiu-section  it  appears  pale-green, 
sometimes  ([uite  colourless  in  the  centres  of  the  crystals  which  often  contain  inclusions 
of  graphite.  It  is  associated  with  a  little  basic  felspar,  accessory  apatite,  and  dark- 
brown  spheue,  with  varying  amounts  of  calcite  filling  cracks  and  interstices.  One 
specimen  (1)35F)  is  very  rich  in  calcite,  which  forms  a  matrix  for  the  pyroxene  grains. 

One  dark-green  specimen,  a  small  pel)ble  from  Trqip  Island  (2078),  shows  some 
black  bands  and  is  strongly  magnetic.  Under  the  microscope  the  dark-green  bands  are 
seen  to  consist  of  colourless  pyroxene  (y :  c  =  36° — 41°)  with  labradorite,  and 
accessory  spheue  and  magnetite,  while  the  black  bands  consist  of  j)yroxene  with  very 
little  felspar,  accessory  spheue,  and  rare  a^Datite,  in  a  matrix  of  magnetite. 

A  small  specimen  (2049)  from  klarble  Point,  more  compact  and  showing  in- 
detiiiitc  patches  of  red-brown  garnet,  must  be  very  near  the  eclogites  in  composition, 
but  shows  important  dilfcrences  in  that  it  has  a  high  content  of  calcite  and  abundant 
spheue.  The  pyroxene  is  pale-blue-green  in  thin-section.  There  are  occasional 
patches  of  basic  felspar  and  traces  of  magnetite.  Calcite  moulds  the  garnet  and  fills 
the  interstices  between  separate  grains.  The  specimen  evidently  occurred  in  contact 
with  crystalline  limestone  as  traces  of  this  can  be  seen  on  one  edge. 

From  the  talus  below  Double  Chirtain  Glacier,  near  the  south-east  end  of  the  Kukri 
Hills,  comes  a  pale-grey-greeu  rock  (1)5  F)  of  very  variable  grain  which  is  probably 
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closely  connected  with  the  pyroxcne-grannlites  and  ciystalline  limestones.  It  consists 
mainly  of  cohmrless  pyroxene  intergrown  with  a  pale-greenish  amphihole,  and  parts  of 
the  rock  resemble  the  tremolite-gneiss  (C.R.  440)  described  by  Walkoni  among  the 
C^ape  Eoy<ls  erratics.* 

Other  rocks  which  seem  to  have  close  relationship  with  the  pyroxcne-grannlites  are 
the  purple  hornl)lendic  biotite-scldsts  and  biotitc-grannlitcs,  erratics  of  Avhidi  were 
collected  by  Priestley  lietween  Gneiss  Point  and  Spike  Point  on  his  journey  down  the 
coast.  They  are  rich  in  plagioclase,  and  with  tlie  very  abnndant  chcstnnt  biotite  there 
is  associated  always  green  hornblende  and  nsnally  also  colourless  pyroxene.  It  may  be 
rocks  of  tills  kind  to  which  Mawson  alludes  as  having  apparently  originated  from 
calcareous  slates  and  sandstones.f  An  example  (2109)  was  mentioned  above  of  an 
acid  pyroxene-graiinlite  passing  (juite  gradually  into  one  of  these  liiotite-granulites.  In 
another  specimen  (2030)  a  biotite-scliist  contains  what  seems  to  be  part  of  a  nodule 
consisting  of  calcite  with  (juartz,  felspar,  jiyroxene,  and  sphene,  and  separated  from  the 
biotite-schists  by  a  thin  band  of  pyroxene-grannlite  of  very  fine  grain  (O' 1  mm.).  In 
another  case  a  biotite-granulite  (2043)  is  seen  in  contact  with  a  scapolite-liearing 
pyroxene-grannlite  in  which  the  sca})olite  is  developed  in  large  [ilates  enclosing  the 
other  constituents.  Where  the  one  rock  merges  into  the  other  the  pyroxene-grannlite 
becomes  very  indefniite  in  character  and  the  junction  is  (piite  irregular  not  hillowing 
closely  the  planes  of  foliation.  The  biotite-grannlite  consists  of  (puirtz,  andesine,  brown 
luotite,  and  green  hornblende,  the  last  two  in  intimate  association.  Apatite  and  sphene 
arc  abundant.  (Vjlonrless  pyroxene  is  always  present  but  liands  rich  in  this  constituent 
seem  to  get  more  fre(|uent  as  the  pyroxene-grannlite  is  appproached. 

The  area  over  which  the  erratics  of  the  pyroxcne-grannlites  have  been  found 
coincides  in  general  with  that  occupied  by  the  metaniorphic  sciies  in  which  crystalline 
limestones  are  known  to  be  well  developed,  hlany  of  the  granulites  show  very  close 
resemblances  to  the  “gneiss  ii  pyroxene”  of  Brittany,  Waldviertel,  and  Sweden 
described  by  Lacroix, J  which  are  always  associated  with  crystalline  schists  and  almost 
always  with  crystalline  limest(jnes  ;  while  the  specimens  richest  in  pyroxene  compare 
closely  with  the  diopside-rock  described  l»y  Tilley  §  as  associated  with  the  Pre-Cambrian 
dolomites  of  the  Hutchison  scries  in  Southern  Eyre  Peninsula,  South  Australia,  and 
definitely  attributed  by  him  to  the  metamorphism  of  impure  dolomituj  sediments. 

Pyroxeue-granulites  (j[uite  similar  to  the  above  will  be  further  discussed  in  No.  5b 
of  this  report  which  deals  with  the  metaniorphic  rocks  of  the  Terra  Nova  Bay 
region. 


*■  Walkom  (A.  4’).).  Brit.  Ant.  Exp.,  1907-9.  Geology.  Vol.  2  (191G),  p.  183. 
t  IMawson  (D.).  Ibid.,  p.  232. 

f  Lacroix  (A.).  Bull.  Soc.  franc;.  Min.,  1889,  vol.  12,  pj).  83  ct  seq. 

§  Tilley  (C.  E.).  Geol.  Mag.,  1920,  vol.  57,  p.  492. 
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CRYSTALLINE  SCHISTS. 


The  crystalline  schists  vary  cousiderahly  in  character  iii  (Tifterent  of  the 

district.  The  most  extensive  outcrop  seen  was  that  on  Ileahl  Island.  The  slopes  were 
S(j  covered  with  dehris  that  it  was  impossihle  to  get  any  measurements  of  their  thickness 
hut  it  is  prohahly  of  the  order  of  2,000  feet.  The  alnmdauce  of  fragments  of  .schists 
which  were  seen  in  tlie  lateral  moraines  of  the  Koettlitz  Glacier  is  additional  evidence  of 
extensive  outcrops  of  these  rocks  in  the  vicinity.  In  character  they  were  seen  to 
vary  from  coarse  hiotite-scliists  to  hard  bands  with  little  evidence  of  li.ssility.  The 
specimens  (])2K)  collected  from  this  locality  are  all  of  one  type,  a  muscovite-schist 
rich  in  graphite  au<l  with  abundant  pseudomorphs  prol)al)ly  of  andalusite.  These  were 
collected  in  situ  at  the  top  of  the  island.  The  rock  is  pale-greyish-violet  with  patches 
and  streaksof  brown,  and  with  bands  crowded  with  long  thin  l)odies  (1‘4  cm.  x  1'5 
mm.)  consisting  of  pale-green  mica.  The  grain  is  even  and  averages  0‘1  mm.  The 
main  constituents  are  puartz  with  sulmrdinate  felspar  (albite),  muscovite,  and  very 
2'»ale  pinkish-brown  biotite.  IMinor  constituents  are  graphite,  in  rods  and  grains,  short 
prisms  of  colourless  tourmaline,  and  rather  rounded  crystals  of  rutile  ;  all  three  are 
present  in  remarkaljle  abundance  (PI.  1,  Fig.  2).  A  greenish-yellow  turbid  mineral 
with  granular  appearance  has  not  been  identified.  The  green  mica  of  the  pseudomorphs 
has  an  optic  axial  angle  of  about  60°.  No  trace  of  the  original  mineral  remains,  but  it 
is  highly  jtrobable  that  it  was  andalusite. 

It  does  not  appear  that  there  are  any  large  occurrences  of  schist  l)etween  Heald 
Island  and  the  south  of  the  Ferrar  Glacier,  but  there  is  evidence  that  there  are  many 
outcrops  of  these  rocks  in  the  Kukri  Hills.  Schists  of  various  kinds  were  abundant  in 
the  debris  on  the  sides  of  this  line  of  hills,  and  on  the  summit  towards  the  eastern 
end  of  the  range  there  are  a  series  of  beds,  dipping  nearly  vertically,  which  were 
classed  in  the  field  as  “  calc-schists.”  Their  extent  is  hidden  l)y  snow  and  rock-debris 
and  no  s})ecimens  of  them  were  Ijrought  back.  Schists  were  also  seen  in  abundance 
in  the  moraines  of  the  Lower  Ferrar  Glacier  and  are  probably  developed  on  l)oth 
.sides  of  the  valley. 

In  Dry  Valley,  opposite  Suess  Glacier,  r(X-ks  classed  as  schists  in  the  field  arc 
bedded  with  the  crystalline  limestones,  .have  a  thickne.ss  of  about  500  feet,  and  are 
dipping  almost  vertically.  Some  of  these  had  all  the  appearance  of  slates.  The  frost 
has  weathered  them  into  veritable  “  p^-'i^it^^Tes,”  and  the  weathered  “biscuit”  is 
scattere<l  over  so  large  an  area  that  there  is  a  tendency  for  the  extent  of  the  outcrop 
to  be  much  over-estimated. 

Hie  only  specimens  actually  collected  at  this  outcrop  were  from  immediately  west 
of  the  crystalline  limestones  oj^posite  Suess  Glacier.  These  were  of  two  tvpes,  a 
medium-grained  garnetiferous  sillimanite-gneiss,  and  a  much  finer-grained  and  verv 
fissile  cordierite-bcarino'  o-arnet-nneiss. 

o  o  o 

The  garnet-sillimanite-gneiss  (Dl4F)  is  mainly  made  up  of  dark-red  garnet  and 
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grey  filjres  of  sillinianite  (PI.  1,  Pig.  4).  The  garnets,  pale-pink  in  tliin-section, 
are  crowded  with  inclusions  of  grapliite,  l)iotite,  sillinianite,  and  quartz.  Tliey  are 
closely  wrapped  round  hy  masses  of  sillinianite  which  is  developed  in  reniarkalile 
ahnndaiice,  hoth  as  needles  and  as  well-formed  prisms  sometimes  O' 25  mm.  tliicko 
Between  the  sillinianite  appear  fine-grained  (O' 12  mm.)  patches  of  (jiiartz  and 
siihordinate  orthoclase  and  oligoclase,  all  in  rounded  grains,  with  hrowm  hiotite  in  very 
small  Hakes  packed  hetween  the  quartz  grains.  Graphite  is  aliundaut,  and  apatite  is 
an  important  accessory  occurring  in  huge  groups  of  crystals.  The  sillinianite  imparts 
a  slightly  schistose  structure  to  the  rock. 

The  cordierite-heariug  garnet-gneiss  (DOP)  is  a  fine-grained,  purple,  foliated  rock 
showing  pink  garnets,  up  to  2  mm.  in  diameter,  and  abundant  brown  biotite.  There 
are  fre(|neut  white  felspathic  patches,  coarser  in  grain  than  the  rest  of  the  rock  and 
parallel  to  the  foliation.  The  rock  tends  to  split  into  lamime  (1-2  mm.  thick)  parallel 
to  the  foliation.  The  tiner-grained  purple  parts  show  garnets,  colourless  in  thin-sectiou, 
free  from  inclusions,  and  presenting  rounded  outlines,  in  a  groiiudmass  of  quartz  and 
snliordinate  oligoclase,  abundant  brown  biotite  in  small  flakes  (O' 05  mm.),  (|iiite 
subordinate  cordierite,  and  occasional  small  bunches  of  very  small  needles  of  sillimanite 
(PI.  1,  Pig.  1).  The  only  accessory  constituent  observed  is  pyrites.  The  texture  is 
lepidoblastic.  The  quartz  is  even-grained  (O' 25  mm.)  and  shows  well-developed 
mortar-structure.  In  the  coarser-grained  parts  of  the  rock  some  of  the  grains  are 
0 ' 0  mm.  in  diameter  and  lie  in  a  fine-grained  matrix  of  (piartz  and  biotite.  In  this 
part  of  the  rock  cordierite  seems  to  be  absent. 

These  rocks,  both  from  their  conqxjsition  and  their  positioii  with  regard  to  the 
limestone,  may  be  regarded  with  certainty  as  metamorplarsed  argillaceous  sediments. 
In  (DoP)  there  is  evidence  of  later  “  epi-metaniorphisni  ”  superimposed  on  the  more 
intense  metamorphism  which  produced  the  cordierite. 

B(Rh  along  the  Koettlitz  and  in  the  New  Harbour  region  there  are  many  small 
patches  of  very  dark  scliists  which  are  not  evenly-l)edded  and  are  fre(|nently  in 
lenticular  patches.  It  seems  probable  on  field  relations  alone  that  these  represent 
basic  dykes  which  have  suffered  in  the  general  regional  metamorplusm.  These 
rocks  are  still  more  clearly  seen  at  Gape  Bernacchi  ami  Marble  Point,  where  they 
differ  very  noticeably  fr(un  the  other  metamorphic  rocks,  flpec.imens  of  two  types 
were  collected  in  Dry  Valley.  One  (DlhP)  from  the  talus  slopes  on  the 
north  side  of  Dry  Valley  behjw  Sness  Glacier  is  a  biotite-anq)hil)olite  cousistiiiQ- 
mainly  of  pale-green  horid)lende  often  surrounding  brown  biotite  which  it  appears 
to  be  replacing  :  andesine  is  present  in  small  amount.  The  other  (D32P),  collected 
from  the  talus  l)eIow  the  Biegel,  is  a  hornblende-schist  with  a  little  felspar  (andesine) 
and  rare  biotite. 

At  Gape  Roberts,  Priestley  collected  a  dark  line-grained  (O' 4  mm.)  biotite- 
amphibolite  (2007)  consisting  of  about  50  per  cent,  dull-green  hornblende  with 
brown  biotite  and  andesine,  some  quartz,  and  abundant  small  apatites. 
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Other  amphibolites  (2034,2035)  from  Gneiss  Point,  somewhat  similar  to  the  above 
in  grain,  are  rich  in  sphene.  They  resemble  the  sphene-l)earing  amphibolite 
described  by  Mawson  from  the  Ferrar  Glacier  moraines.*'  Several  rather  similar 
ro('.k,s  were  collected,  and  this  series  shows  gradations  to  the  spliene-bearing  diorites 
of  iAFonnt  Larsen, f  which,  as  IMawson  has  pointed  ont,  are  not  normal  diorites  l)nt 
are  suggestive  of  lampr(jphyric  segregations. 

Associated  with  the  schists  at  some  localities  were  rocks  noted  at  the  time  as 
quartzites,  but  their  relatiims  to  the  other  beds  were  nowhere  evident,  and  those 
collected  seem  to  req)resent  altered  acid  intrusions  of  slightly  younger  age  than  the 
schists  with  which  they  occur. 


GNEISSES. 


14ie  study  of  the  gneisses  in  the  field  has  iiot  led  to  any  clear  conception  of 
their  extent  or  their  relations  to  the  other  rocks.  In  a  general  way  they  have 
been  separated  from  the  truly  schistose  rocks,  but  it  was  much  more  difficult  to 
distinguish  them  from  the  foliated  rocks  seen  at  Gape  Roberts  and  at  other  points 
along  the  coast,  which  at  these  })laces  present  the  chaimders  of  true  gnei.s.ses  luit 
elsewhere  are  seen  to  grade  intn  the  grey  granite  of  Granite  Ilarbonr  with  its 
abundant  inclusions  of  metamorphic  rotPs. 

Gneisses,  probably  intruded  by  younger  granites,  are  strongly  developed  on  Ileald 
Island.  Ferrar  had  already  recorded  them  on  the  northern  slope  of  the  Xorthern 
Foothills  and  as  forming  tlie  greater  part  of  the  Kukri  Hills  to  the  ea.st  of 
hill  -tu. 

The  r(jck  from  immediately  east  of  the  crystalline  limestones  in  iJry  \hillev, 
opposite  Suess  Glacier,  compares  very  closely  with  the  grey  “  augen-gneiss  ”  (727) 
described  Ijy  Ferrar  ij]  and  Prior  §  as  forming  the  foot  of  1)4  (Sentinel  Peak)  and 
adjoining  the  crystalline  limestone  at  the  base  of  hill  m  on  the  southern  side 
of  the  Kukri  Hills.  It  is  a  finely  foliated  biotite-bearing  hornblende-gnei.ss,  some¬ 
times  showing  eyes  of  orthoclase.  Green  hornblende  is  the  dominant  ferro-niagnesian 
constituent  but  is  always  associated  with  brown  biotite.  (hi<»i'tz  is  present  in  greater 
amount  than  the  felspars.  The  grains,  which  average  0‘5  mm.,  are  all  more  or  less 
rounded,  and  it  is  noteworthy  tluit  cata(dastic  structure  is  very  well  developed. 
This  gneiss  probably  represents  a  granitic  intrusion,  but  its  exact  relation  to  the 
limestones  is  not  known.  It  does  not  show  evidence  of  such  a  hio;h  deo-ree  of 
metamorphism  as  that  which  the  limestone  and  associated  cordierite-  and  .sillimanite- 


Miiwsou  (4).).  Brit.  Airt.  Exp.,  1907-9.  Geology.  Vol.  2  (191G),  p.  226. 
f  Miiwsoii  (D.).  Ldc.  cii.,  pp.  224-226. 

I  Ferrar  (H.  T.).  Nat.  Ant.  Exp.,  1901-4.  Natural  lli-stoiy.  Yol.  1,  (1907),  p.  30. 
§  Prior  (G.  T.).  Ibid.,  p.  12.5. 
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bearing  rocks  have  clearly  sufferetl.  This  suggests  that  it  was  intruded  after  tliesc 
sediments  had  been  converted  into  crystalline  limestones  and  schists. 

A  fragment  (1)32F)  of  this  porphyritic  gneiss  was  found  farther  w'cst  in  the 
talus  Ijelow  the  lliegel  in  Dry  Valley. 

Fragments  (Dl8F)  collected  in  the  talus  oii  the  north  side  of  Dry  Valley,  near 
Cheyenne  Crater,  are  of  line-grained  (O’ 5  mm.)  grannlitic;  bii)tite-horid)lende-gneiss 
very  similar  to  the  hornljlende-gneiss  described  by  Ih'ior  from  Cathedral  Docks  (724).^ 
These  are  prol)ably  inclusions  in  the  granite. 

Fine-grained,  well-foliated,  biotite-gneiss  (DSF)  occurs  as  fragments  at  the  base  of 
Double  Curtain  Dlacier. 


Priestley’s  collection  includes  several  fine-grained  (1-2  mm.)  granulitic  biotite- 
gueisses,  very  rich  in  biotittg  from  Dunlop  Island  and  jMarble  Point.  Another  type, 
found  at  the  same  localities  and  also  at  Cueiss  Point,  is  a  dark-brown  gneiss  with  very 
abundant  biotite,  and  some  pale-green  hornblende.  The  felspar  in  these  rocks  is 
andesine,  and  the  rock  may  be  described  as  a  hornblcndic  biotite-plagiocdase-gneiss. 
These  rocks  are  fine-grained  (O’ 3-0 ‘4  mm.)  and  show  marked  foliation. 

It  only  remains  to  mention  a  group  of  medium-grained,  pale-gi’ey  roc-ks,  often 
with  Iji’own  stains,  which  are  classified  as  pja'oxene-gneiss  and  pyroxene-l)earing 
aplites.  ‘These  rcjcks  occur  as  erratics  at  Cape  Bernacchi  and  Mai'ble  Point.  The 
pyroxene-gneisses  contain  sphene  and  large  cr)'stals  of  colourless  pyroxene  in  a  ground- 
mass  of  (jiiartz  and  orthoclase,  with  subordinate  olig(jclase.  Myrniekite  is  well 
developed.  The  aplites  consist  of  (juartz,  orthoclase,  and  albite-oligoclase,  and  contain 
occasional  crystals  of  sphene  and  colourless  pyroxene.  There  seems  every  gradation 
from  the  pynnxene-gneiss  to  aplites  almost  entii'cly  I'ree  from  eithei’  pyroxene 
or  spheiie.  The  texture  is  granulitic  and  the  grain-size  varies  from  0’5  mm.  to 
1  •  5  mill. 

Several  of  the  specimens  show  contacts  between  the  a})lites  and  the  purple  biotite- 
granulites.  The  examination  of  several  thin-sections  seems  to  indicate  that  the 
pyroxene  and  sjdiene  are  being  produced  in  the  aplites  as  a  result  of  these  (-ontacts,  and 
there  is-  some  evidence  that  pyroxene-rich  bands  in  the  biotite-granulite  are  more 
fre(juent  near  the  contact  with  the  aplite.  It  is  possible  that  the  pyroxene-gneiss  is  the 
result  of  endomorphic  changes  indneed  in  aplitic  dykes  near  their  contacts  with  some 
of  the  metamorphosed  sediments.  tS(;apolite  vais  only  observed  along  the  contact  in 
one  case  where  the  a])lite  was  in  contact  with  a  pyroxenic  cah/areoiis  rock  of  rather 
indefinite  character. 

These  aplites  show  evidence  of  having  undergone  dynamic  metamorphism  after 
their  intrusion,  and  are  possibly  of  much  earlier  date  than  the  grey  granite  of  Graiute 
Ilarliour.  It  is  conceivable  that  they  were  associated  with  the  intrusions  winch  gave 
rise  to  the  biotite-hornblende-gneisses  of  the  Kukri  Hills. 


*  Prior.  (CJ.  T.).  Nat.  Ant.  Exji.,  1901-4.  Natural  History. 
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CONCLUSIONS. 

AVe  have  en(lea\' cured  to  indicate  the  general  nature  of  the  metamorphic  rocks 
which  in  tlie  AIcAIurdo  Sound  area  form  the  foundation  of  the  rest  of  the  mainland. 
Tliey  comjjrise  a  considerable  thickness  of  schists  and  crystalline  limestones,  probably 
associated  with  pyrcrxene-granulites ;  and  I'epresent  metamorphosed  argillaceous, 
calcareous,  and  dolomitic  sediments.  In  addition  to  this  sedimentary  series  there  is  an 
intrusion,  prol)ably  (juite  consideralde,  of  biotite-hornblende-gneiss  and  some  amphi- 
Ijolites  and  hornblende-schists  proljaljiy  rej^resenting  altered  dyke-rocks.  The  intrusive 
gneiss  is  possibly  of  later  date  than  the  metamorphism  of  the  sediments  themselves 
and  may  be  responsiI)]e  for  the  development  in  these  of  contact  metamorphic  effects, 
e.g.,  production  of  chondrodite.  Beyond  this  suggestion  of  the  time  relation  of  the 
gneiss  to  the  limestones  it  has  not  been  jjossible  to  establish  any  divisions  within  the 
metamorphic  series. 

David  and  Priestley  believed  the  metamorphic  rocks  seen  by  them  to  be  Pre- 
Cambrian  in  age,  since  the  Cain])rian  limestone  of  the  Beardmore  Glacier  witli  Arch- 
feocijatlim  is  quite  unmetamorpliosed  and  is  therefore  presumably  younger  than  the 
crystalline  limestones.  The  geologists  of  the  present  expedition  returned  fully 
convinced  of  the  trutli  of  this  view',  for  wdiile  they  had  obtained  no  fresh  stratigraphical 
evidence  they  had  acquired  a  comprehensive  view'  of  the  rocks  of  the  whole  series  w'hich 
w'as  not  wdthout  its  value.  Already  it  has  been  pointed  out  that  there  are  close 
simihu-ities  betw'een  the  para-pyroxeue-grauulites  of  this  region  and  rocks  occurring  in 
the  Pre-Cambrian  of  Brittany  and  elsew'here.  If  w'e  are  right  in  assuming  that  the 
para-pyroxene-gran ulites,  kuowm  hitherto  only  as  erratics,  are  a(itually  associated  with 
the  crystalline  limestones,  then  we  have  in  this  metamorphic  series  an  association  of 
crystalline  limestone,  pyroxene-granulite,  and  garnetiferous  sillimanite-  and  cordierite- 
o'nciss  similar  to  that  known  to  exist  in  certain  series  of  Pre-Cambrian  rocks  in  manv 
parts  of  the  w'orld,  for  instance  in  Burma,  Ceylon,  Aladagascar,  East  Africa,  and  South 
Australia..  With  the  rocks  of  the  last  named  area,  the  comparison  is  a  remarkaldy  close 
one,  and  the  papers  recently  published  by  C.  E.  Tilley  j  on  the 'Pre-Cambrian  rocks 
of  the  Southern  Eyre  Peninsula,  South  A.ustralia,  show'  that  in  the  Hutchison  series,  the 
oldest  grou])  in  that  area,  there  is  just  that  association  of  rocks  which  we  believe  exists 
in  the  s(»uthern  })art  of  the  AlcMurdo  Sound  region.  J\Ir.  Tilley  has  kindly  allow'cd  us 
to  examine  Ids  specimens  and  w'C  find  that  not  only  is  tlnu-e  this  general  similarity  of  the 
tw'o  series,  but  also  many  of  the  individual  types  of  rocks  from  -McAlurdo  Sound  can  be 
matched  in  the  Southern  Eyre  Peninsula.  So  close,  indeed,  is  the  resemblance  that 
W’e  can  confidently  presume  that  the  tw'o  series  are  of  the  same  age. 


Davi.l  (T.  W. 

!>.  2:54. 

t  Tilley,  (C.  E.). 


E.)  and  Idle.stley  (R.  1^.).  Rrit.  Ant.  Exp.,  1907-9.  Clcok\i;'y. 
Ceol.  Afag.,  1920,  vul.  57,  pp.  449  492,  and  1921,  vol.  58,  p.  251. 
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No.  5b.— THE  METAMORPHIC  ROCKS  OE 

THE  TERRA  NOVA  BAY  REGION.* 

BY 

W.  CAMPBELL  SMITH,  M.C.,  M.A.,  L.G.S. 

Fellow  of  Corpus  Christ!  College,  Cambridge. 

Assistant  in  the  Mineral  Department  of  the  British  Museum. 

AND 

RAYMOND  E.  PRIESTLEY,  M.C,  B.A. 

Geologist  on  the  Expedition. 

INTRODUCTION.  (R.E.P.) 

The  tiekl-notes  of  this  ainl  succeeding  parts  dealing  witii  tiie  Terra  Nova 
Bay  region  are  the  result  of  investigations  extending  over  the  period  from 
January  8th  to  Fehruary  18th,  1912.  The  “  Northern  Tarty  ”  was  landed  at  Evans 
Coves  (Inexpressil)le  Island)  on  the  former  date  w'ith  instructions  to  restrict  its 
activities  to  the  country  eastward  of  a  line  drawn  from  the  position  (jf  landing  at  the 
seaward  end  of  the  Hell’s  Gate  moraine  |  to  the  north-eastern  extremity  of  the  Nansen 
Foothills.  The  geographical  and  geological  survey  (d’  the  region  w'est  of  this  line 
was  to  1)6  undertaken  hy  the  “'Western  Party  ”  of  the  Expedition  after  the  “  Terra 
Nova  ”  had  picked  them  up  at  Granite  Ilarliour  in  January  and  had  transported  them 
north.  It  is  a  matter  of  Antarctic  history  that,  owing  to  unfavourahle  ice  conditions 
this  programme  was  not  carried  out.  Had  it  Ijeeu  possible  to  foresee  the  partial  failure 
of  the  “  Terra  Nova’s  ”  summer  campaign  in  Antarctic  waters,  the  work  ()f  the 
“  Northern  Party  ”  might  advantageously  have  l)een  carried  farther  to  the  Avest  where, 
as  it  happened,  the  most  interesting  portion  of  the  two  <listricts  lay,  chjse  to  the 
dividing  line  already  mentioned. 

The  itinerary  of  the  party  during  this  six  weeks  sledging  was  much  restrieted 
l)y  heavy  snowfall  combined  Avith  calms  and  light  weather  which  prevented  the  quielv 
removal  of  the  snow.  For  the  same  reason  many  exposures  Avere  hidden  altogether 
for  days  at  a  time  and  the  observations  and  collections  suffered  accordingly.  Notliing 
at  all  could  liaAm  been  done  Avithout  the  cordial  cooperation  of  the  Avhole  party,  for 

*  No.  5b  has  been  written  by  W.  Campbell  Smith,  in  collaboration  with  It.  E.  Priestley  as  regards 
the  tlekl-geology. 

t  This  moraine  is  the  one  immediately  north  of  Inexpressible  Island,  as  shown  but  not  named  on  the 
map  (Fig.  1,  p.  146); 
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Eig.  1. — Map  of  the  Terra  Nova  Ray  region. 
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most  of  tlie  travelling  was  over  glaciers  many  portions  of  which  were  traversed  l)y  a 
network  of  crevasses.  With  the  whole  glacier  surface  covered  with  from  12  to  15 
inches  of  loose  snow  which  hid  both  crevasses  and  minor  irreo-ularities  of  surface,  all 
collecting  and  exploration  in  the  earlier  days  of  the  journey  had  to  be  done  by  parties 
of  three  (jr  more  roped  together. 

The  data  upon  which  the  map  of  the  area  (Fig.  1,  p.  146)  is  based  are  from  the 
theodolite  survey  made  by  Commander  Campl)ell,  the  leader  of  the  sledge-party. 
Details  beyond  those  shown  in  the  map  illustrating  tlie  paper  on  the  experiences  of 
the  Northern  Party  published  in  the  Geographical  Journal  for  January  1914^  are 
added  from  sketches  and  notes  in  the  writer’s  own  diary.  It  is  unhu'tunate  in  the 
extreme  that  durina;  the  War  one  ffeolooical  field-l)ook  was  mislaid  and  has  not 
yet  been  recovered. f 


ROCKS  FOUND  IN  SITU. 


JMetamorphic  rocks,  some  at  any  rate  of  which  are  probaldy  closely  allied  to  the 
rocks  already  reported  from  the  Ferrar  Glacier  region  l)y  11.  T.  Ferrar  of  the  “  Discovery  ” 
Expedition  of  1901-04  and  l)y  the  geologists  of  the  Shackleton  Expedition  of  1907-09, 
were  observed  in  situ  in  several  exposures. 

Similar  rocks  also  formed  no  small  proportion  of  the  erratics  of  several  of  the 
moraines  winch,  under  the  circumstances  of  a  short  and  hurried  survey,  necessarily 
provided  the  great  bulk  of  the  rock  specimens  secured. 

Befoi'C  dealing  with  these  erratics  we  shall  pro(;eed  to  deseril>e  the  rocks  found  in 
sitn  at  each  of  the  live  localities  (a-e)  where  they  were  exposed. 

(a)  Pyramidal  nunatak  at  the  entrance  to  the  Boomerang  Glacier,  a  tributary  of 
the  C-ampbell  Glacier. 


This  isolated  hill  consists  entirely  of  Jiietamorphic  rocks,  a  tine-grained  biotite- 
gneiss  o^'erlying  a  coarse  grey  gneiss  with  occasional  large  white  felspars.  The  latter 
appears  to  be  a  comparatively  slightly  metamorphosed  graiiite.  It  is  represented  by 
specimen  1493  and  is  (juite  similar  to  the  rock  occuri-ing  so  conspicuously  on  the  east 
wall  of  the  Corner  Glaeier.  Its  characters  will  l)e  further  described  Ijelow  (p.  150). 

The  upper  gneiss  is  a  dark  garnetiferous  biotite-gneiss  varying  in  texture  from 
granular  (1495)  t(j  porphyritic  (1494),  with  andesiue  phenocrysts  up  to  D5  cm.  long 
and  garnets  0'7  cm.  in  diameter.  In  the  porphyritic  variety,  the  I'ock  is  rich  in 
phenocrysts  (“dosemic”).  Gne  specimen  shows  what  seems  to  Ije  a  contact  with  a 
garnet-schist  (like  1637,  p.  152).  These  gneisses  consist  of  quartz,  biotite  (chestnut 


*  Priestley  (R.  E.).  Gcograjjhical  Journal,  1914,  vol.  43,  No.  1,  pp.  1-16,  with  map. 
t  For  a  general  description  of  the  regioii  explored  the  reader  is  referred  to  the  Physiograj^hic  Memoir 
of  the  Expedition.  Observations  made  on  the  land-  and  seance  will  be  found  in  the  volume  on 
Glaciology. 
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to  liglit-lnitf),'*  and  andesine,  with  suljordinate  orthoclase  ;  minor  constituents  are  zircon 
and  apatite,  and  small  purple-red  garnets,  colourless  in  thin-sec tion  and  averaging 
2  mm.  in  diameter.  Pale-green  muscovite  is  seen  in  some  specimens,  hlyrmekite  is 
developed  in  a  very  Ijeautiful  manner  in  the  more  highly  foliated  examples,  and 
intergrowths  of  quartz  and  hiotite  are  also  well  seen  (PL  1,  Phg.  5). 

These  garuetiferous  hiotite -gneisses  were  only  found  at  two  other  localities.  Two 
specimens  (1315,  1319)  were  found  in  one  of  the  moraines  of  the  Priestley  Glacier,  and 
a  third  was  collected  at  Hell’s  Gate  moraine.  They  were  not  found  in  the  moraines  of 
the  Boomerang  Glacier  and,  as  they  are  rather  conspicuous  rocks,  we  may  regard  this 
as  a  fair  indication  that  they  are  not  exposed  to  the  N.Pl  of  the  nunatak. 

Idle  only  other  metamorphic  rocks  collected  at  the  nunatak  were  a  sillimanite- 
hearing  muscovite-laotite-schist  (1505),  and  several  pieces  of  a  pyroxene-pegmatite 
recalling  in  external  appearance  the  pyroxene-hearing  acid  intrusions  in  the  limestone 
inclusions  of  Granite  Harhour. 

The  garnetiferous  hiotite-gneiss  and  the  porphyritic  hiotite-gneiss  were  also  present 
in  the  moraine  from  the  south  wall  of  the  Booinerano-  Glacier,  and  there  is  everv 
possibility  that  structurally  the  isolated  nunatak  is  a  part  of  the  larger  massif  of 
metamorphic  rocks.  At  these  localities  the  main  foliation  planes  of  the  gneiss  run 
N.N.E.  and  S.S.W.  and  dip  W.N.W.  at  about  60°. 

(h)  Pinowy  Point,  the  extreme  south  point  of  the  west  wall  of  the  Campbell 
Glacier.  This  was  deeply  covered  in  the  usual  mantle,  composed  mainly  of  locally 
accumulated  frost-weathered  fragments  with  a  sprinkling  of  erratics,  in  which 
specimens  of  mica-schist,  (juartz-schist,  hornblende-schist,  and  garnet-schist  were  most 
common  high  up  the  hill.  Gn  the  lower  slopes  a  biotite-gueiss  similar  to  that  found 
on  the  Boomerang  nnnatak  was  much  more  c.oinnion,  and  it  is  most  probal)le  that  this 
roek  occurs  in.  situ  here.  At  only  (uie  spot  was  rock  undoubtedly  in  situ  exposed,  and 
the  rock  there  was  a  tine-grained  schist.  Only  a  few  feet  could  be  seen  exposed,  but 


the  rocks  appeared  to  strike  S.E.  and  N.W. 'with  a  steep  dip  to  the  X.E. 

•  No  specimens  of  the  schist  seen  in  situ,  were  brought  back,  nor  are  there  any 
s})cciniens  of  the  other  schists  from  this  locality.  Among  the  erratics  collected  on  the 
Toint  is  a  banded  crystalline  limestone  vCry  rich  in  diopside  and  scapolite  and  quite 
uidike  any  rock  seen  elsewhere  in  the  district  (see  p.  158). 

(c)  A  mncli  larger  exposure  of  the'  metamorphic  series  was  met  with  at  Gape 
Sastrugi,  the  south-western  extremity  of  the  bluff  l)etwecn  the  Ihlestley  and  Gampl)ell 
Glaciers,  wliicli  is  another  buttress  of  the  trapezoid-shaped  Jiiassif  already  examined 
at  two  of  its  four  corners  (Fig.  1). 

The  Clipc  is  formed  of  more  resistant  rocks  than  those  forming  Snowy  Point  and 
is  thei'cfore  considerably  stee])er  and  much  less  encumbered  with  debris.  The  rocks 


*■  N;inics  of  colours  used  arc  taken  from  “Color  Staiulanks  ami  Color  Noiiienclature.”  Rv 
R.  Ridgway.  AN'asldiigloii,  11)12. 
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(‘oinposiiig  it  arc  a  somewhat  mas.sive  sci'ies  ot  (juartz-scliists,  more  or  less  micaceous  ; 
and  many  of  tliem  are  of  a  more  gneissic  texture  and  witli  alamdant  liands,  lenticles, 
and  stringers  of  coarse  (juartz  and  r|uartzite  (1070,  1080).  A  tourmalinediearing 
pegmatite  is  prominent  here  and  will  he  described  wdth  the  associated  granites  in  No. 
0  of  this  volnme.  The  schists  were  di})ping  due  north  at  an  angle  of  approximately 
20°.  Amongst  the  ei’ratics,  wdiich  were  distributed  sparsely  wherever  the  Ca})e  wars 


Fig.  2. — Portion  o£  a  Llock  of  porpliyritic  liiotite-orthoclase-gnei.ss  collected  liy  C.  E.  P.orcligrevink 
at  Cape  Atlare  on  the  “  Southern  Cross  ”  Expedition.  Quite  similar  to  the  rocks  seen  in  sifa 
by  Priestley  in  the  east  wall  of  the  Corner  Glacier.  Natural  size.  Rritish  Museum  Photo. 

(Reg.  No.,  B.M.  85752  (1)). 

not  too  steep  to  bear  them,  tvere  numerous  specimens  of  gneisses  and  schists,  one  of  the 
gneisses  (1070)  closely  resembing  tlie  finely  banded,  black,  granulitic  gneiss  (1901) 
found  ill  situ  in  the  eastern  waall  of  the  t'Orner  (dlaeier  and  described  lielow 
(P-  150). 

(d)  The  fourth  exposure  is  at  the  north-western  corner  of  the  same  massif  which 
Snowy  Point  and  Cape  Sastrugi  form  the  southern  promontories.  Here  the  clilis 
forming  the  east  v'all  of  the  Corner  Glacier  show  metamorphic  rocks  in  place,  but  they 
could  only  be  reached  at  one  point  owing  to  the  great  height  and  steepness  of  the  screes 


z 
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wliicli  were  lying  at  tlie  extreme  angle  of  rest  and  were  exceedingly  difficult  to  climl). 
Ilow'ever,  evidence  of  the  constitution  of  the  cliffs  was  afforded  in  plenty  hy  the  ahuu- 
dant  large  masses  of  porphyritic  gneiss  many  of  which  fell  on  to  the  screes  during  the 
time  the  party  was  encamped  in  the  vicinity. 

This  porphyritic  gneiss  is  a  hiotite-orthoclase-gneiss  characterized  hy  large 
phenocrysts  of  orthoclase  ((U-  mi(3rocline),  frequently  of  a  faint  Idue  tint,  in  a  ground- 
mass  of  (juartz,  oligoclase,  and  hiotite,  with,  as  minor  constituents,  magnetite,  apatite, 
zircon,  and,  in  certain  cases,  tourmaline.  The  felsj)ar  of  the  phenociysts  is  orthoclase 
in  some  cases  and  microcline  in  others.  ( lligoclase  sometimes  appears  as  small 
phenocrysts  as  well  as  in  the  grouudmass. 

In  structure  tlie  rock  varies  from  a  porphyritic  granite  containing  C'arLshad  twins 
of  felspar  up  to  5  cm.  long  (Fig.  2),  through  foliated  eyed-gneiss,  to  a  well-foliated  fine¬ 
grained  (0'25  mm.)  gneiss  or  schistose  gneiss.  Those  types  in  which  the  foliation  is 
marked  show  cataclastic  structures,  bending  of  twin  lamellae,  and  sometimes  granulitic 
texture  in  all  the  minerals  of  the  groundmass.  <  )ther  types  show  in  thin-section  no 
signs  of  metamorphism  except  the  development  of  myrmekite  in  the  plagioclase. 
There  is  ]io  doubt  the  rock  represents  a  granite  intrusion,  which  in  parts  has  been 
strongly  foliated.  It  is  quite  distinct  from  the  hornldendic  “  augen-gueiss  ”  of  the 
Kukri  Hills. 

Farther  to  the  south,  the  porphyritic  gneiss  is  succeeded  by  a  very  fine-graiiied, 
l)lack,  well-foliated  gneiss  (1901),  with  abuiidant  small  Hakes  of  biotite  and  small  grains 
(O'l  mm.)  of  (juartz.  It  is  poor  in  felspar  except  where  it  is  intruded  by  some  thin 
stringers  of  aplite.  This  constitutes  a  very  close  approach  to  a  true  biotite-schist.  It 
was  seen  in  situ  in  the  clifis  but  only  at  a  distance.  Specimens  were  collected 
at  the  foot  of  the  scree,  the  steepness  of  which  rendered  the  actual  exposure 
inaccessilde. 

The  moraine  at  the  south-eastern  end  of  C'orner  Glacier  afforded  a  remarkable 
abundance  of  metamorphic,,  plutonic,  and  hypaljyssal  rocks,  but  the  variety  of  the 
former  was  not  nearly  so  great  as  in  the  other  moraines  where  unfortunately  no 
opportunity  of  observing  the  rocks  in  situ  presented  itself.  The  prominent  types  met 
with,  besides  those  already  mentioned,  were  cordierite-gneiss  and  quartz-granulite. 

(e)  The  fifth  and  last  position  in  which  the  metamorphic  rocks  of  this  region  were 
seen  in  situ  was  at  the  southern  extremity  of  Inexpressible  Island,  in  the  front  of  which 
are  the  little  bays  to  which  the  name  of  Evans  Cbves  was  given  by  the  “  Discovery  ” 
Expedition.  The  main  mass  of  the  island  is  formed  l)y  plutonic  rocks,  but  to  the  south 
of  this  series  the  basal  metamorphic  rocks  through  which  the  plutonics  have  lieen 
intruded  are  to  be  seen  in  situ.  It  is  the  impression  of  the  geologist  of  the  present 
expedition  that  these  rocks  also  dip  farther  to  the  west  of  north  than  the  metamorphic 
rocks  seen  at  the  other  exposures,  but  unfortunately  the  notes  referring  to  them  are  lost 
and  memory  is  treacherous  after  a  lapse  of  nine  }’ears. 
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ERRATICS. 

j\rctcimorplii(i  rocjks  formed  between  tliiity  and  forty  per  cent,  of  tbe  rook.s 
examined  in  tire  vaibjns  moraines,  mid  the  nundier  and  variety  eneonntered  .suggest 
that  the  greater  portion  of  tlie  footliills  and  mountains  to  tlie  north  and  west  of  tlie 
area  is  underlain  by  a  metamorpldc  .scries. 

The  collection  of  erratics,  including  about  770  .specimens,  contains  very  few 
duplic'ates.  Almost  every  .specimen  shows  some  cliaracter  of  interest,  and  has  been 
collected  aud  carried  back  for  some  particular  rea,son.  On  this  account  thin-sections 
of  nearly  every  specimen  have  been  examined,  and  in  1914  and  1919  considerable 
time  was  devoted  to  the  detailed  petrogra})hy  of  them.  As  the  rocks  are  known 
only  as  erratics  it  is  not  intended  to  publish  the  results  of  this  detailed  w'ork  except 
such  as  are  necessary  to  give  a  clear  idea  of  the  miture  of  the  rocks.  It  wars  found  easy 
to  separate  the  erratics  into  the  main  groups  ;  biotite-gneiss,  mu.scovite-biotite-schist, 
crystalline  limestone,  para-grauulite,  aud  graphitic  mica-schist ;  but  it  is  not  considered 
advisalile  to  attempt  much  further  sub-division  of  these  groups  based  on  the  examin¬ 
ation  of  .small  pieces  of  Ijouldcrs.  After  a  brief  description  of  tlie  rocks  of  each  of  these 
main  groups  some  remarks  will  be  made  ou  their  probable  distribution  and  relations. 

Biotite-Gneisses. 

A  porphyritic  biotite-guei.ss  and  garnetiferous  biotite-guei.sses  have  been  desciibed 
already  (pp.  148,  150).  The  remaining  biotite-gneksses  are  all  tine-grained  dark  rocks, 
sometimes  granulitic  aud  compact,  sometimes  very  rich  in  biotite  (dark-brown  or  almost 
black)  and  then  highly  foliated  aud  approaching  schists  in  texture.  Some  of  them 
contaiu  garnets  ;  many  of  them  contain  cordierite,  or  sillimanite,  or  both.  The  felspar 
is  usually  orthoclase  with  slightly  subordinate  plagioclase  :  plagioclase,  however, 
becomes  dominant  in  some  types,  especially  those  carrying  garnet.  Hornblende  is 
observed  in  only  two  cases,  in  each  accompanied  by  indications  of  later  iniectiou  of  the 
liiotite-gueiss  liy  aplitic  veiulets. 

Five  specimens  from  the  Northern  Foothills  (1265,  1258,  1414,  1414A,  1419) 
include  fine-grained  garnetiferous  liiotite-gueiss  with  a  rather  almudant  dull-Indian- 
purple  biotite  in  small  flakes  (1414),  and  almost  etjually  fine-grained  (O’ 5  mm.) 
garnetiferous  biotite-cordierite-gneiss  with  scarce  sillimanite.  All  these  have  lieen 
injected  by  white  veiulets  of  an  acid  rock  and  are  violently  folded  to  an  extent  not 
found  elsewhere  except  in  tw’o  erratics  from  Evans  Coves.  In  addition  there  is  a 
compact  (0  ’  6  mm.  grain)  garnetiferous  Ihotite-cordierite-rock,  sliowiug  typical  “  hornfels- 
texture  ”  and  consisting  mainly  of  cordierite  aud  biotite  with  (juite  subordinate 
oligoclase,  aud,  as  minor  constituents,  magnetite,  green  spinel,  and  garnet.  The 
composition  is  very  varialile  and  in  some  parts  garnet  aud  biotite  liecome  very 
almudant  and  the  garnets  reach  3  mm.  in  diameter.  The  colour  varies  from  deep- 


152 


“TEllllA  NOVA”  EXPEDTTrOX. 


gi-eyisli-l)liio-gTeoii  to  (lull-pnr})lisli-l)]ack.  Two  eiTatics  of  tliis  type  were  fouml. 
The  l)iotite  in  all  these  rooks  is  seal-l)rowii  with  (lall-Iiidian-purple  tints  sliown  Iw 
light  retleoted  from  the  surface  of  the  flakes :  in  thin-section  its  pleoehroism  is, 
/8  and  y  hnrnt-sienna,  a  very  pale  primrose-yellow. 

We  have  already  dealt  with  the  gneis.ses  collected  from  the  mmatak  at  the  entrance 
of  the  Toomerang-kamphell  (llacier,  and  at  the  same  time  mention  was  made  of  a 
houlder  of  the  porphyritic  hiotite-gneiss  collected  from  the  inner  moraine,  south  of 
tlie  Boomerang  (llacier.  This  moraine  also  yielded  a  specimen  ( 1772),  very  like  the 
garnetiferous  hiotite-cordierite-oneiss  de.scrihed  al)Ove  hut  eontaiuino'  more  .sillimanite. 
Another  cordierite-gneiss  (1774)  from  this  moraine  differs  from  the  other  gneisses 
found  on  the  Ihamierang-Clamphell  moraines;  it  is  a  compact  (0 •  5  mm.  grain)  dark 
rock  containing  ahundaiit  quartz,  hrown  hiotite  (y  and  ^  hutnt-sienna),  and 
coi'dierite,  with  andesine  felspar  enclosing  a  few  small  garnets,  and  with  a  little 
sillimanite  enclosed  in  the  quartz.  The  cordierite  is  very  unevenly  distrihuted. 

The  remaining  gneiss  (1770),  a  dark,  fine-grained  (O' 25  mm.),  l)anded  rock,  is  a 
sillimanite-bearino-  hiotite- onei.ss,  free  from  cordierite,  in  wliich  the  sillimanite  is 
concentrated  in  certain  hands.  The  hiotite  in  this  rock  gives  in  thin-section  y  and 
olivaceous-l:)lack,  a  pale  primrose-yellow,  and  is  hlack  in  the  hand-.specimen.  The 
felspar,  wliich  consists  of  orthodase  with  suliordinate  oligoclase,  is  fairly  ahundant. 

The  rest  of  the  Boomerang-Ciamphell  moraine  yields  a  large  numher  of  gneisses 
wliich  for  convenience  of  description  may  he  divided  into  three  groups. 

(1)  (Treyish,  very  fine-grained,  handed  gneisses  (1278,  1500A,  1627,  1G35,  1G58) 
with  a  rather  low  hut  variable  content  of  mica  wliich  is  often  concentrated  in  parallel 
hands.  These  rather  resemble  spedmen  1770  (see  above),  hut  contain  no  cordierite 
or  sillimanite.  The  hiotite  in  all  is  almost  hlack  in  hand-specimen  and  some  shade 
of  hrown  in  thin-section:  y  and  /S  in  (1G27),  vandyke-hrown  ;  in  (1G35).  chestnut;  in 
(1G58),  huriit-sienna.  IMost  of  these  rocks  contain  garnet,  either  small  (O'l  mm.) 
in  1G58,  or  (juite  large  (1'2  cm.)  in  1G27.  The  dominant  felspar  is  plaglodase  in 
the  garnetiferous  types.  In  1G27,  containing  the  big  garnets,  it  is  lahradorite,  and 
orthodase  is  absent.  The  oToundmass  is  orariulitic  and  the  grain-size  averages 

o  O  O  O 

0  •  25  mill. 

(2)  Three  dark-green  to  hlack  garnetiferous  hiotite-schists  or  gneisses  (1G57,  1G59, 
1G37)  are  probably  closely  related  to  the  above.  The  hiotite  (chestnut  to  pale-yellow) 
is  very  almndant  forming  50  per  cent,  of  the  rock  hut  is  partly  altered  to  chlorite, 
(larnets  are  ahundant  and  some  are  4  mm.  in  diameter.  Andesine  seems  to  he  the 
only  felsjiar  present  hut  there  is  iiiudi  altered  material  wdiich  may  he  either  felspar 
or  cordiei'ite.  Rocks  ()f  this  type  have  not  been  found  elsewdiere  in  the  district. 

(3)  Gneisses  of  the  third  group  are  also  fine-grained  and  very  rich  in  hiotite.  They 
are  w'dl-foliated  and  the  structure  tends  to  he  schistose.  None  of  these  contain  garnets. 
One  (127G)  is  practically  free  from  felspar.  1G39  and  1G51,  dearly  closely  allied, 
contain  muscovite  in  addition  to  hiotite.  The  remainder  contain  cordierite  usuallv 
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with  some  sillimanite  aud  iu  one  case  (1038)  accompanied  1)y  andalusite.  Tlie 
pleochroism  of  the  biotite  is,  y  and  ^  ])nrnt-sienna,  a  very  pale  yellow. 

At  Cape  Sastrngi  the  erratics  included  two  biotite-gneisses  (1082,  1084),  rich  in 
biotite  and  plagioclase  and  resembling  the  group  last  described  ;  a  l)lack,  tinely  l)anded 
gneiss,  similar  to  1901  from  the  east  wall  of  the  Corner  Glacier  ;  and  a  thinly  banded, 
grey  muscovite-biotite-gneiss  with  granulitic  texture  (1007),  which  is  intruded  by 
dykes  of  tourmaline-pegmatite.  A  rock  similar  to  this  was  found  farther  up  in  the 
eastern  moraine  of  the  Corner  Glacier. 

We  mentioned  above  (pp.  148,  150)  the  gneisses  of  Cape  Sastrngi  and  of  the  east 
wall  of  CGrner  Glacier,  as  probably  in  place  there,  and  occurring  also  in  the  easteiii 
moraine  of  the  glacier.  This  moraine,  in  addition  to  the  porphyritic  biotite-gneiss 
and  the  black,  banded,  granulitic  gneiss  described  above,  yielded  five  specimens  of  the 
cordierite-  and  sillimanite-l)earini'-  "neisses. 

O  O 

Cordierite-gneisses  free  from  sillimanite  are  represented  by  two  compact,  dark, 
garnet-bearing  rocks.  One  (1744)  contains  garnets  1  cm.  in  diameter,  and  abundant 
cordierite.  The  rock  is  very  much  altered  but  may  be  related  to  the  biotite- 
cordierite-rock  (1414A)  from  the  Northerji  Foothills.  'I'hc  other  (1735),  also 
garnetiferous,  is  very  fine-grained  (O’ 25  mm.),  dull-purplish-black,  and  very  rich  in 
biotite.  The  felspar  is  microcline  instead  of  the  usual  orthoclase  ;  garnet,  tour¬ 
maline,  and  hypersthene  all  occur  as  accessories ;  and  the  texture,  as  in  ’the  previous 
rock,  is  typical  “  horufels-texture.”  Here  all  the  constituents  are  fresh. 

Specimen  (1754),  dark-green  almost  black,  is  foliated  and  approaches  a  schist 
in  texture.  It  contains  c<.)rdieritc  in  large  plates  enclosing  biotite.  hlost  of  the 
biotite  in  this  rock  is  altered  to  chlorite. 

Kathor  more  coarse-grained  (1  mm.  grain),  distincfly  banded,  and  with  aJaindaiit 
biotite,  is  1724  which  contains  I)oth  cordierite  and  sillimanite.  The  biotite,  as  in 
the  three  rocks  just  described,  gives  y  and  /3  chestnut,  a  very  })ale  yellow 

4'he  remaining  specimen  (1721)  is  an  almost  l)hick  schist,  rich  in  biotite,  Avith  vciy 
abundant  cordierite  and  sillimanite.  All  the  cojistituents  are  remarkably  fresh  :  in  genei’al 
characters  and  in  the  colour  of  the  Imjtite  the  rock  resembles  1770  (p.  152).  (1*1.  2, 

Fig.  4). 


4'hc  other  moraines  of  the  Corner  Glacier  ('ontained  two  further  examples  of  this 
last  type  (1490,  1491),  but  they  are  free  from  cordierite  and  sillimanite.  They  are  dai'k, 
fine-grained,  tinely  banded  rocks,  resembling  1770  in  the  hand-s[)Ccimen  and  char¬ 
acterized  by  the  same  kind  of  biotite  (y  and  olivaceous-black,  a  primrose-}’ellow),  but 
magnetite  appears  as  an  accessory  constituent.  The  remaining  two  specimens  (1485, 
1492)  from  these  moraines  rather  resemble  the  grey,  fine-grained,  banded  gneisses  from 


*  This  is  probably  a  contact  metamorphosed  sediment  as  it  resembles  the  plagioelasediyperstliene- 
cordierite-hornt'els  described  by  V.  M.  Goldschmidt  in  the  contact  metamorphic  rocks  of  the  Christiania 
district.  See  Skrifter  u.a.  Videnskapsselskapet  i  Kristiania,  1911,  Mat.  Nat.  KL,  Bd.  1,  p.  160. 
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the  Boomerang-Camphell  moraine.  One  of  them  (1485)  contains  very  small  (O' 6  mm.) 
garnets  and  also  some  muscovite  in  addition  to  the  usual  chestnut  biotite. 

Lastly,  there  are  four  specimens  from  the  Priestley  (llacier  moraine.  These  include 
one  representative  of  the  grey,  fine-grained,  banded,  garnetiferous  gneisses  (1313)  ;  one 
dark-brown,  biotite-rich  gneiss  (1391)  comparable  to  the  cordierite-bearing  gneisses 
described  from  the  Boomerang-Camphell  moraine  ;  and  two  (1462,  1464)  black  and 
wliite,  fine-grained,  banded  gneisses,  with  dark  biotite  (y  and  /3  vaudyke-brown), 
resemljling  1627  (p.  152)  from  the  Boomeraug-Campbell  moraine,  but  containing 
almndant  cordierite  and  sillimauite. 


Para-Granulites. 

Among  the  erratics,  mainly  from  the  moraines  of  the  Priestley  and  Corner  Glaciers, 
are  many  specimens  of  rocks  whicli  are,  clearly,  metamorphosed,  fine-grained,  impure 
sandstones.  They  seem  to  be  associated  with  rocks  allied  to  the  pyroxene-granulites 
(para-diopside-grauulites)  and  it  will  Ije  convenient  to  refer  to  the  whole  group  as 
para-grauulites.  They  can  l)e  classified  roughly  into  four  groups  according  as  they 
contain  mica,  ampldbole,  epidote,  or  pyroxene  as  the  predominant  coloured  mineral. 
The  o-eneral  characters  of  each  class  will  be  mentioned  brief!  v. 

<D  »/ 


Mica-Quartz-  Granulites. 

These  are  close-textured,  eveu-graiiied  (0 ' 1-0 ' 2  mm.),  varying  in  colour  from  pale- 
grey  of  various  shades  to  dusky-brown,  and  breaking  readily  into  fiat  parallel-faced  slabs. 
Tliey  consist  mainly  of  (juartz  with  small  amounts  of  biotite,  or  luotite  and  muscovite, 
in  very  small  flakes.  iMaiiy  of  them  contain  small  amounts  of  felspar.  The  accessory 
constituejits  are  tourmaline,  apatite,  magnetite,  ami  spliene,  the  last  often  abundant. 
Galcite  becomes  an  important  constituent  in  certain  cases,  and  many  types  contain  a 
pale-green  amphihole  as  well  as  mica.  All  these  rocks  show  evidence  of  foliation,  the 
mica  flakes  l)eiiig  arranged  in  parallel  layers,  and  the  original  clastic  nature  of  the  rock 
is  still  (|uite  evident.  They  may  be  desci'ibed  under  three  heads  : — 

(1)  Biotite-muscovite-puartz-grauulites.  Pale-grey  to  cinnamon-ljuff  in  colour, 
containing  more  muscovite  than  biotite.  They  contain  patches  of  a  turbid  colourless 
mineral  which  is  believed  to  be  felspar. 

(2)  Biotite-puartz-granulites.  Dusky-brown,  showing  small  flakes  of  biotite  on 
broken  surfaces.  Felspar  is  present  as  water-clear  grains  :  it  does  not  always  show 
twinning  but  in  one  case  oligoclase-andesine  was  definitely  identified.  A  pale-green 
actinolitic  hornblende  and  spliene  are  frepuent  as  accessories.  These  rocks  show  very 
close  association  with  the  amphibole-ijuartz-granulites  described  below  :  bands  of  both 
kinds  of  rock  frepuently  alternate  in  one  specimen  and  are  no  doubt  due  to  difierences 
in  composition  in  the  original  sediment  (PI.  2,  Fig.  l). 
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(3)  (J;ilcite-l)eariiig  ([luirtz-graiiulitcs.  In  1703,  a  very  pale  olive-gi'cy  rock 
(PI.  2,  Fig.  3),  small  (|uautitie,s  of  muscovite  and  biotite  are  present.  Garnet  as 
(liablastic  growths,  cohjurless  in  tliiu-section  and  measuring  up  to  3  mm.  in  diameter, 
occurs  iu  both  cases.  Calcite  constitutes  nearly  lifty  per  cent,  of  the  rock.  In  specimen 
1782  a  pale-green  actinolitic  hornblende  is  present,  and  there  are  probably  transitions 
t(j  the  ampldbole-quartz-granulites  in  which  calcite  appears  as  an  accessory  constituent. 


Amphibole-Quartz-Granulites. 


llhiese  closely  resend )le  the  l)iotite-(piartz-granulites  in  texture.  In  colour  they  are 
court-grey  or  mineral-grey:  the  greenish  grains  of  amphil)ole  are  clearly  visililc  to  the 
unaided  eye  giving  the  surface  a  mottled  appearance  and  a  quite  characteristic  lustre, 
ddiey  consist  of  (juartz  and  felspar  (andesinc  prcdoininatiug)  with  <juite  abundant  pale- 
green  hoi'nl)lende,  and  accessory  biotite  and  sphene  ;  less  constant  accessories  are 
apatite,  pyrites,  and  zircon  (PI.  2,  Fig.  2). 

The  amphibole  occurs  both  as  crystals  with  well-develo})ed  prism  faces  and  as 
irregular,  much-embayed  grains,  showing  “  sieve-structure  ”  and  enclosing  (juartz  and 
luotite.  Its  pleochroism  is,  a  colourless,/?  light-grape-green,  y  pale-glaucous-green; 
“  =  20° 


7 


0  9^ 


These  rocks  arc  not  contined  to  the  Priestley  and  Gorner  Glaciei's.  Erratics  were 
found  at  Evans  Goves  Beach,  Northern  Foothills,  Hell’s  (late  imjraane,  and  at  the 
iiunatak  at  the  eid-rancc  of  the  Boomer;uig  Glacier. 

Tlicir  original  clastic  nature  can  still  l)e  traced  thougli  less  clearly  than  in  the 
biotitc-(|uartz-gTanulites.  It  is  (juite  clear,  however,  iu  1727  and  1008,  both  of  whhF 
contain  calcite  and  show  reseml)]ances  to  1782  mentioned  above.  Hmall  patches  of 
crystalline  limestone  are  adhering  to  one  of  the  specimens  (1275)  whicli  shows 
alternations  of  l  »iotite-  and  amphibole-bearing  bands. 


Epidote-Quartz-Granulites. 

These  are  reprcseided  by  oidy  six  specimens  (1257,  1204,  1441,  1723,  1732 
1707).  They  are  dark-ivy-green  in  colour  with  paler  vetiver-green  bands.  The  grain- 
size  varies  from  O' 25  mm.  to  1  mm.,  and  they  all  [)ossess  a  clearly  l)anded  structure. 
They  consist  mainly  of  quartz  iu  more  or  less  rounded  grains,  with  epidote,  ])a]e- 
greenfsh  chlorite,  and  small  crystals  of  sphene.  Patches  of  lun'nldende  showing  “  sieve- 
structure  ”  are  sometimes  present  and  seem  to  be  in  process  ol  alteration,  (iarnet, 
warm-bufl'  iu  colour,  is  occasionally  enclosed  by  epid(»te.  In  the  paler  bands  carbonates 
appear,  closely  associated  with  the  ephlote.  The  l)anding  and  the  remains  of  clastic 
structure  show  that  these  rocks  represent  metamorphosed  calcareous  sandstones.  They 
are  probably  closely  associated  with  the  other  para-grauulites. 

2  A 
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Pyroxene-Granulites. 

{Parn-D  iojjsi  de-Gran  idi  tes. ) 

The  rocks  Tescril  >6(1  under  this  heading  are  similar  to  some  of  the  “  acid-pyroxeiie- 
gramdites  ”  descril  )cd  by  Walkom.*  They  are  represeuted  l  )y  12  specimeus  from  the 
Priestley  Glacier  and  one  from  Evans  (hjves.  In  colour  they  vary  fr(jui  court-grey  to 
slate-olive.  The  fracture  is  smooth,  approaching  conchoidal  in  some  specimens.  The 
mineral  components  are  quartz,  plagioclase,  and  diopside,  with  abundant  sphene,  some 
apatite,  and  usually  calcite,  as  accessories.  Compared  with  Xos.  960  and  1684 
described  by  Walkoni,  duplicates  of  which  are  in  the  British  INIuseum  collections,  they 
differ  in  containing  more  quartz  and  a  more  acid  felspar  (andesine.)  The  diopside  shows 
the  same  characters  as  are  given  by  Walkoni.  In  addition  to  the  diopside,  some 
specimens  contain  a  pale-green  amphibole  similar  to  that  occurring  in  the  amphibole- 
quartz-granulites.  This  amphibole  may  be  distriliuted  uniformly  (1975),  or  may  occur 
in  liands  replacing  the  diopside.  Other  specimens  show  biotite  appearing  in  a  similar 
way.  Diopside,  hornblende,  and  biotite  all  occur  together  in  1609,  a  specimen  in 
some  respects  similar  to  Walkom’s  E96.  There  is  evidently  a  close  relation  between 
these  diopside-granulites  and  the  biotite-  and  amphibole-liearing  quartz-granulites  just 
described.  The  grain  of  all  these  rocks  is  even  and  exceedingly  line  (0'06-0'l  mm.), 
except  that  the  diopside  occasionally  develops  up  to  0  •  6  mm.  across.  The 

texture  may  be  descrilied  as  grauulitic.  In  many  cases  clear  evidence  of  the  original 
elastie  structure  can  be  seen. 

A  pea-green  rock  with  bands  ( 1  mm.  thick)  of  paler  ovoid  patches  and  with  very 
smooth  fracture  (1445)  seems  not  to  have  attained  such  perfect  recrystallizatiou  as  the 
other  specimens  described.  Patches  of  small  grains  of  diopside  and  of  quartz  occur  in 
a  rather  indeterminate  groundmass  of  exceedingly  fine  grain  and  containing  much 
carbopate  and  occasional  patches  of  colourless  zoisite. 

All  the  specimens  of  these  diopside-granulites  show  bauds,  of  the  same  texture  as 
the  rest  of  the  rock,  but  pale-buff  in  colour  (vinaceous-buff  to  Tilleul-buff).  In  these 
bands  grains  of  diopside,  quartz,  and  felspar,  (juite  similar  to  those  seen  in  the  green 
granulites,  and  about  0*04  mm.  in  diameter,  are  set  in  a  groundmass  which  is  partly 
indeterminate  but  which  usually  consists  of  diablastic. growths  of  colourless  zoisite  and 
garnet.  In  one  case  (1323)  garnet  occurs  alone  as_a  diablastic  growth  enclosing  the 
quartz,  diojoside,  and  felspar  (labradorite.)  Sphene  in  these  buff-coloured  bands  is  com¬ 
paratively  rare.  The  passage  from  the  green  granulite  to  the  buff-coloured  bauds  seems 
to  be  quite  sharp,  and  no  clear  case  could  be  made  out  for  alteration  in  composition 
towards  the  middle  of  the  band.  A  coloured  band  of  the  same  kind  occurs  in  a  duplicate 
of  Walkom’s  No.  960,.  in  the  British  Aluseum  collection  [B.hl.  1911,  135  (112)]. 


*■  Walkoni  (A.  R.).  Rrit.  Ant.  Exji.,  1907-9.  Geologj'.  Vol.  2  (1916),  pp.  161-168. 
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Closely  allied  to  these  1  )uft' 1  )aiids  is  a  dralogrey  rock  (1257)  iu  contact  with  a 
diopside-grauidite,  which  is  rather  more  basic  than  any  of  those  described  al)Ove.  This 
grey  rock  consists  of  colourless  diopside,  in  hypidioniorphic  crystals  (O’ 3  mm.  in 
diameter),  and  grains  of  quartz,  set  in  a  grouudmass  of  garnet.  The  greater  })art  of 
the  garnet  is  colourless  and  shows  anomalous  double  refraction,  but  it  contains  patches 
which  are  (ioloured  warimbuff  iu  thin-sectiou,  and  are  is(h:ropic  ;  these  form  (doved)rown 
(jval  patches  (2x5  mm.)  in  the  hand-specimen. 

Acid  pyroxene-granulites  of  the  kind  descriljed  above  are  in  places  in  contact  with 
a  quartz-diorite,  the  actual  contact  being  seen  in  specimens  (1373,  125G,  1375)  from 
the  Priestley  Glacier  inoraiue.  The  quartz-diorite  will  l)e  described  under  the  plutonic 
rocks  :  it  shows  sio’us  of  slight  foliation.  The  contact  eft'ects  are  of  the  same  character 

O  O 

as  those  seen  round  the  inclusions  of  pyroxene-granulite  in  the  grey  granite  of  Granite 
Harbour.  Between  tlie  Cjuartz-diorite  and  the  grauulite  there  is  a  baud,  |  inch 
in  thickness,  iu  which  hornldende  is  the  dominant  ferro-maguesian  constituent,  and  this 
is  succeeded  l)y  several  bands  rich  iu  hornblende  which  run  thrcjugh  the  grauulite 
roughly  parallel  to  the  contact  with  the  diorite.  At  first  close  together,  these  bauds 
occur  at  wider  intervals  as  they  recede  from  the  contact  and  finally  disappear  altogether. 
They  are  of  the  same  character  as  the  parallel  bands  of  silicates  developed  around 
siliceous  inclusions  or  intrusions  iu  some  metamorphosed  limestones. 

The  amphibole  has  the  characters  of  common  hornblende  :  y  ;  c  =  15°  ;  pleochroism, 
a  marguerite-yellow,  ^  yellowish-olive,  y  dark-greeuish-olive  :  a  narrow  outer  zone 
is  frecjuently  more  green  iu  colour.  The  crystals  often  enclose  patches  of  biotite  and 
seem  to  have  formed  at  the  expense  of  this  mineral.  As  a  rule  they  are  subhedral, 
averaging  0  ’  5  mm.  X  1  ’  5  mm.,  and  show  well-developed  “  sieve-structure.”  They  enclose 
grains  of  (piartz  and  felspar,  and  are  set  in  a  grauulitic  grouudmass  of  (juartz, 
orthoclase,  and  andesine,  in  decimillimetre  grains.  In  another  specimen  (125G)  the 
hornblendes  are  associated  with  colourless  pyroxene  showing  equally  well-developed 
“  sieve-structure  ”  and  forming  plates  up  to  1  cm.  in  diameter. 

With  one  exception  (12G7),  the  pyroxene-granulites  descril)ed  above  are  from 
the  Priestley  Glacier,  but  other  types  are  found  on  the  eastern  moraine  of  the  (Vn-ner 
Glacier.  One  dark-green  grauulite  showing  very  pale  bufi'  Ijands  rich  in  calcite  and 
pyroxene  is  closely  allied  to  Walkom’s  basic  })yroxene-granulites.  Two  others,  very 
pale  grey  rocks,  rich  in  colourless  pyroxene,  with  orthoclase  or  microcline  as  the 
dominant  felspar,  resemble  a  diopside-microcline  rock  from  the  Southern  Eyre  Penin¬ 
sula,  South  Australia,  descril)ed  by  Tilley.'®  The  colourless  pyroxene  iu  these  rocks 
shows  w’ell-developed  “  sieve-structure  ”  and  forms  })lates  2  mm.  in  diameter  enclosing 
felspar  grains.  The  grain-size  of  the  groundmass  is  about  O’ 15  mm. 

We  have  pointed  out  in  No.  5a  (p.  139)  the  reseml)lanee  between  some  of  the 
para-diopside-granulites  and  the  “gneiss  a  pyroxene”  of  Brittany  and  elsewhere,  and 

■*  Tillej^  (C.  E.).  (teol.  Mag.,  1920,  vol.  57,  p.  493. 
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iiidicjited  that  they  pro])a])ly  represent  altered  calcareous  or  dolomitic  saud.stoues.  Here,, 
as  in  the  HcMurdo  Sound  region,  they  are  associated  with  hiotite-  and  amphil)ole-f[uartz- 
granulites  and  with  rocks  rich  in  calcite  if  not  actually  with  crystalline  limestones. 
VWy  strong  additional  evidence  of  their  derivation  froin  calcareous  sediments  is  afforded 
hy  the  occui'i'ence  in  tliem  of  tlie  huff-coloured  hands  rich  in  garnet  and  zoi.site,  obviously 
representing  hands  of  different  composition  in  the  original  sediment,  and  recalling  in 
composition  and  colour  the  pink  hands  in  the  calcflintas  described  in  the  metamorphic 
aureole  of  Cornwall  by  Flett  and  Barrow.'* 


Crystalline  Limestones. 


Some  })ale-huff  hands  occurring  in  one  of  the  pyroxene-granulites  (170:^)  were 
found  to  consist  of  calcite  with  (juartz  and  colourless  2>yi'<Jxene.  Another  specimen 
(1759)  shows  a  nodule,  vinaceous-hutt’  in  colour,  to  which  adhere  fragments  of  pyroxene- 
granulite.  It  consists  of  calcite  (O' 3  mm.  grain)  with  a])undant  grains  (O'l  mm.) 
of  colourless  pyroxene  and  pale-hutt' uniaxial  nihai. 

Similar  in  texture  and  from  the  same  moraine  is  a  diopside-hearing  limestone 
(O' 25  mm.  grain)  with  some  (juartz,  which  in  colour  is  Avhite  faintly  tinged 
with  green,  and  is  in  contact  with  a  neutral-grey  limestone  (1757)  similar  in  texture 
hut  containing  abundant  diopside,  (juartz,  and  graphite.  The  paler  rock  encloses  a 


pahdi  of  grey  (  juartz. 

Scapolite  and  epidote  a})pear  in  addition  to  diopside  in  a  handed  limestone  from 
Snowy  Point  (1394).  The  general  colour  of  the  rock  is  tea-green  with  numerous 
white  streaks,  and  in  the  centre  of  the  specimen  is  a  lens  or  “eye”  of  quartz  1-2  cm. 
thick.  Hard  hands,  roughly  parallel  to  the  surface  of  this  (piartz  lens,  stand  out  on 
the  weathered  surface.  The  rock  consists  of  calcite  with  al)undant  diopside,  (juartz, 
and  scapolite,  with  a  little  hornblende.  Epidote,  colourless  in  thin-section,  appears 
in  some  l»ands  and  is  intimately  associated  with  the  pyroxene.  Sphene  is  a  con.stant 
ac(jessory  constituent.  Tlie  hard  hands  consist  almost  wholly  of  silicates,  the' intervening 
softer  l)ands  being  rich  in  calcite.  The  grain-size  throughout  averages  0'5  mm. 

All  these  specimens  must  represent  nivtamorphosed  limestones  or  calcareous  l)ands 
and  nodules  in  the  other  sediments. 

Erratics  of  white  crystalline  limestones  are  not  found  in  the  Terra  Nova  Bav 
region  hut,  as  we  have  pointed  out  elsewhere,  these  rocks  are  so  friable  under  Antarctic 
conditions  of  weathering  that  they  are  not  likely  to  travel  as  erratics  far  from  their 
soiu'ce.  That  true  crystalline  limestones  are  present  in  the  district  is  indicated  hv  the 
discovery  of  a  fairly  typical  chondrodite-limestone  (1751)  as  an  erratic  in  the  eastern 
moraine  of  the  (Arner  (ilacier.  44ie  hand-spexdmen  is  deep-neutral-grev  with  brown 


*  i\Iein.  (leol.  Siirv.  Eiiglaml 
1910,  71. 
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patches.  It  consists  of  (‘alcite  of  al)out  O' 5  inni.  grain  enclosing  nnmerons  crystals  of 
cliondrodite  (0 ' 25  inin.  in  diameter),  very  irregnlar  in  sliape  and  snrronnded  hy  an  almost 
colourless  or  faintly  green  chlorite.  IMinor  constitnents  are  grapliite,  enclosed  in  the 
cldoi'ite,  a  trace  of  ])yrites,  and  green  spinel.  The  silcates  form  ahont  25  per  cent,  of 
tlie  rode.  The  cliondrodite  is  perfectly  fresh:  y :  cleavage  =  20°  :  pleochroism,  a 
cadminm-yellow,  /3  and  y  pale-cream.  Ihie  chlorite  is  uniaxial  and  optically  -f, 
with  a  parallel  to  the  hase  (OOl),  and  is  therefore  referred  to  penninite  (PI.  L, 
Tig.  7). 

The  Booniera-ng-( 'amphell  moraine  yielde<l  no  tra.ee  of  metamorphosed  limestones. 

Muscovite- Biotite-Schists. 

A  numoer  of  specimens  hronght  together  under  this  heading,  and  all  hnt  two 
coming  from  the  Priestley  (flacler,  though  slmwing  certain  characters  in  common,  may 
he  separated  into  three  groups. 

(1)  Pale  to  dark-nentral-grey  rocks  (l;)24,  1914,  1810,  1819,  1505),  very  fine¬ 
grained  (O'l  mm.),  moderately  rich  in  hiotite,  a.ud  often  with  plates  of  mns('ovite 
visihle  in  the  hand-s})ecimen.  Tliey  are  compact  and,  although  parallel  structure  is  well 
developed,  are  not  very  fissile.  They  consist  of  ahundant  <;|uartz  with  hiotite  and 
muscovite,  and  occasionally  a  little  felspar.  The  hiotite  is  usually  in  small  Hakes  Imt 
tends  to  aggregate  in  ovoid  patches  1  mm.  in  diameter.  Muscovite  may  form  plates 
2-4  mm.  across.  All  contain  small  amounts  of  sillimanite,  usually  endosed  in  the 
quartz  luit  occurring  in  a  rather  exceptional  manner  in  1810.  This  rock  consists  of 
oval  Hakes  of  muscovite,  up  to  2  mm.  in  diameter,  in  a  groundmass  of  (puirtz,  with 
ahundant  small  Hakes  of  Dresden-hrown  ])iotite  and  a  little  muscovite,  and  some  very 
irregular  much-emhayed  grains  of  garnet.  Entile  and  a  trace  of  apatite  and  zircon  ai'c 
also  present.  The  muscovite  Hakes  lie  l)oth  parallel  and  })erpeudicular  to  the  foliation. 
They  sometimes  enclose  round  grains  of  (juartz,  hut  most  striking  yre  tlie  inclusions 
of  radiating  masses  (jf  fine  fibres  of  sillimanite.  These  occur  in  almost  every 
Hake  of  muscovite  and  almost  fill  the  Hake.  Oval  patches  of  sillimanite,  ilrawn 
out  parallel  to  the  toliatiou  and  euclosiiig  some  hiotite,  also  occur.  Masses  of  silli¬ 
manite  needles  clouding  the  centres  of  muscovite  Hakes,  as  in  the  specimen  just  desci'ihed, 
occur  in  the  metamorphosed  Silurian  grits  and  Hags  round  the  granite  of  New  Oalloway 
and  have  keen  descril  )ed  and  figured  l)y  IMiss  M  .  T.  Gardiner.'* 

This  last  descrihed  type  may  lie  a  thermally-metamorphosed  rock  allied  to  the 
graphitic  mica-schists  descrihed  helow,  luit  others  of  these  sillimanite-hearing 
muscovite-hiotite-schists  are  prohal)ly  related  to  the  cordierite-  and  sillimanite-hearing 
gneisses  already  descilhed.  Gordierite  was  in  fact  found  ahundantly  in  a  pale-drah- 


*  Gai'diner  (Miss  M.  T.).  Quart.  Jourii.  tleol.  Soc.,  1^90,  \'oI.  4(1,  p.  571.  PI.  23,  Pig. 
(.\.).  Petrology  for  Students.  1919,  p.  2G8,  Pig.  89  A. 
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grey,  fiiie-grained  scliist,  free  from  muscovite  l)ut  containing  aLundant,  small,  oval 
patches  of  Ijiotite,  and  ratlier  closely  resend  ding  some  of  the  rocks  referred  to  here. 

(2)  Two  specimens  from  Priestley  (xlacier  (1253,  1255),  and  one  (1294)  from 
L)()onierang-(Jamphell  moraine  are  pale-dral)-gTey  rocks  consisting  mainly  of  quartz  (O'l 
mm.  grain)  with  small  Hakes  of  hiotite  and  muscovite.  The  micas  are  not  very 
ahundant,  and  the  hiotite  again  shows  a  tendency  to  gather  into  patches,  .sometimes 
with  grains  of  pyrites  at  the  centres.  Tourmaline,  apatite,  and  zdrcon  are  all  present, 
hut  only  in  very  small  crystals  sparingly  distrihuted.  h)ne  of  the.se  .specimens  (1294) 
contained  a  single  crystal  of  andalusite. 

(3)  Finally  there  are  two  rather  compact  hlacki.sh-hrown  and  dull-Adolet-l»lack 
rocks,  fine-grained  (O’l  mm.),  rich  in  hiotite  and  muscovite,  and  with  the  groundmass 
plentifully  strewn  Avith  graphite  and  liroAvn  tourmaline.  One  specimen  (1484)  contains 
unaltered  crystals  of  andalusite,  and  aggregates  of  muscoAute  vchich  may  represent 
altered  cordierite.  The  other  (1386)  contains  OA^al  “eyes”  (1*5  X  4  mm.),  pale- 
glaucous  in  colour  and  consisting  Avholly  of  colourless  mica,  which  prohahly  represent 
pseudomorphs  after  andalusite  (PI.  1,  Fig.  6).  (Jne  is  struck  hy  the  resemhlances  Ijetween 
these  two  rocks  containing  andalusite  pseudomorphs,  graphite,  and  alnmdant  tourmaline, 
and  the  graphitic  S(‘hist  of  Ileald  Island  A\dnch  was  found  in  situ  in  the  neighbourhood 
of  crystalline  limestones. 


Graphitic  Mica-Schists. 

Considerahle  interest  attaches  to  a  group  of  fine-grained  hlack  mica-schists 
characterized  hy  an  ahundance  of  hlack  graphitic  dust,  and  l:)y  the  development  of  pale- 
hroAvn  hiotite  in  small  oAmid  patches  giAung  the  rocks  a  spotted  appearance.  These 
rocks  are  helieved  to  represent  slates  or  shales  altered  hy  thermal  metamorphism  near 
an  igneous  intrusion.  'Fhey  all  come  from  the  moraines  of  the  Priestley  Glacier,  and 
almost  eidirely  from  the  Avestern  moraine.  They  consist  of  Hakes  of  pale  hiotite  (y  and 
/3  l»urnt-sienna),  (piartz,  ahundant  graphitic  dust,  and  small  grains  of  a  hlack  oxide  of 
iron  possil)ly  ilmenite.  Small  Hakes  of  muscovite  occur  in  one  specimen  (1811).  Short 
prisms  of  pale-hrown  and  blue  tourmaline  are  ahundant  in  a  coarser-grained  and  paler 
variety  (1691).  In  the  most  c()mpact  forms  the  grain-size  is  O' 01  mm.  or  less,  hut 
there  are  hands  in  which  the  <puirtz  grains  aA^erage  O' 06  mm.,  and  others  in  which  the 
l)iotite  is  better  deA^elopcd,  Hakes  reaching  1  mm.  in  diameter.  The  foliation  in  these 
rocks  is  not  a'ci'a^  marked  :  there  is  a  fainth'  ])arallel  arraiiQ-ement  of  the  smallest 
hiotite  Hakes  and  of  the  streaks  of  graphitic  dust,  hut  this  is  not  shared  hy  the  larger 
l)iotite  Hakes,  in  fact  it  is  noticeable  that  many  of  the  hiotite  Hakes  luiA'e  their  cleavage 
I'ac.es  inclined  steeply  hut  at  Acirying  angles  to  the  planes  of  schisto.sity,  thereby 
producing  in  (‘ertain  sections  a  rough  “herring-hone”  pattern  (PI.  2,  Pig.  5).  Gvoid 
aggregates,  averaging  I  mm.  in  diameter  and  made  up  of  small  Hakes  of  hiotite,  occur 
in  all  these  rocks.  Almost  iiiAairiahh'  there  is  at  the  centre  of  the  })atch  a  crystal  or 
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lenticular  patch  of  iron  oxide  .soiiictiine.s  surrouudiug  or  even  entirely  i-erdaced  hy  a 
yellow,  highly  refracting,  and  only  faintly  translnceiit  iiiiiicral  wlii(di  i.s  referred  donht- 
Inlly  to  a  form  of  lencoxeiie.  In  the  finest-grained  form  (f448)  the  core  consists  of 
ilmenite,  corroded  and  partly  snrronnded  hy  colourless  lencoxeiie,  and  often  accompanied 
hy  crystalline  calcitc.  In  another  case  where  the  schist  is  nnnsually  dark  with 
graphitic  dust  (I78())  these  aggregates  show  a  centre  of  iron-pyrites  or  pyrrhotite. 
The  hiotite  of  these  aggregates  does  not  differ  from  that  in  the  gronndmass.  Grapliil.ic, 
(Inst  and  halo-forming  iiiclnsions  are  hoth  cxclndcd  from  the  interior  of  these  hiotite 


aggregates  Imt  are  concentrated  at  their  outer  edoes. 

oo  o  o 

There  is  some  evidence  to  show  that  these  graidiitic  mica-schists  have  heen 
snhjected  to  shearing  stresses  causing  movement  of  the  component  minerals  after  the 
formation  of  the  hiotite  aggregates,  as  some  of  the  flakes  of  hiotite  in  the  aggregates 
have  heen  torn  at  their  exposed  edges  and  streaked  out  in  the  direction  of  the  schist- 
osity  (1923)  :  in  other  cases  light-coloured  hands  poor  in  graphitic  dust  have  lieen 
S(]neezed  out  to  form  long  lenticular  patclies  in  the  darker  rock  (1784).  This  is 
particularly  well  seen  in  one  specimen  (1959)  which  shows  evidence  of  consideralde 
movement,  and  includes  a  hand  containing  a  few  small  garnets  (O' 25  mm.)  and  ahnn- 
dance  of  a  mineral  which  is  jirohalily  audalnsite. 

The  relations  of  these  graphitic  mica-schists  to  other  sediments  is  possibly  indicated 
hy  a  specimen  (1822)  which,  in  a  thickness  of  ahont  2  cm.,  shows  a  schist  of  the  kind 
descrihed  above,  passing  through  a  less  graphitic  type  to  a  pale-greeiiish-grey  (piartz- 
schist,  free  from  graphite  and  containing,  in  addition  to  hiotite,  a  pale  amphihole, 
calcite,  and  sphene. 

There  are  three  other  examples,  all  from  the  Priestley  Glacier,  of  dark  mica-schists 
somewhat  different  from  hut  closely  allied  to  those  just  descrihed.  (Jnc  of  these 
(1789)  (contains  numerous  prisms  of  andalusite,  1'5  mm.  thick  and  averaging  1  cm. 
in  length,  sometimes  cruciform  in  crdss-section  (chiastolite)  and  slunving  the  usual 
regular  arrangement  of  included  black  dust.  They  are  occasionally  (juite  fresh  at  their 
centres,  hut  in  many  cases  are  entirely  altered  to  a  c<jufused  mass  of  Hakes  of  colourless 
muscovite.  Closely  allied  to  this  is  a  “spotted  scdiist”  (1380)  in  whi(di  the  ahunda-nt 
spots,  now  consisting  in  part  of  muscovite,  probably  represent  andalusite  or  cordierite. 

The  remaining  specimens  (1704,  1813,  1818)  are  of  a  very  striking  rock,  Idack, 
lustrous,  fine-grained  and  schistose  in  texture,  and  characterized  hy  numerous,  long,  thijj 
lenticles  of  pyrrhotite,  1  to  2  mm.  in  diameter  and  sometines  f  •  5  cm.  long.  The 
groundmass  consists  of  rather  elongate  grains  of  (juartz  (O' 01-0 'OS  mm.  in  diameter), 
irregular  Hakes  of  pale  hiotite,  and  long  thin  H.dces  of  colourless  muscovite,  the  wIkjIc 
(.•r(jwded  with  graphiti(j  dust.  Accessory  minerals  are  tourmaline,  and  colourless  ill¬ 
shaped  garnets  (O' 02  mm.)  very  full  of  inclusions.  The  hiotite  shows  pleochioio  hahjes 
surrounding  a  colourless  mineral.  The  lenticles  of  pyrrhotite  are  roughly  circular  in 
cross-section.  They  occur  fre(|ueutly  and  are  eveidy  distributed  in  hands  in  the  rock. 
It  is  interesting  to  note  that  the  pyrrhotite  seems  to  form  nuclei  for  “  eyes  ”  of  (juartz 
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jiiid  which  frequently  e(jiitain  very  pale  yellow  garnet.s  in  well -formed  rhomhie 

dodeeahedra  and  showing  symmetrical  radial  arrangements  of  inclusions.  The  garnets 
appear  to  start  their  growTli  from  the  pyrrhotite  nuclei  (PI.  2,  Fig.  G).  Similar 
garnets  were  described  by  Miss.  C.  A.  Raisin  from  the  contact  metamorphosed  rocks  ol 
Bastogne,  in  the  Belgian  Ardennes. 


SUMMARY  AND  CONCLUSIONS. 


Before  summing  up  the  general  characters  of  the  inetaiiKn'phic  rocks  described 
above  it  ,  will  be  useful  to  consider  their  distribution  in  the  various  moraines.  This 
distribution  is  given  in  tabular  form  on  p.  163,  the  numljers  given  being  the  number  ot 
specimens  of  each  kind  of  rock  collected  at  each  hjcality.  The  outer  (western)  moraine 
of  the  Corner  Glacier  and  the  inner  (eastern)  moraine  of  the  Priestley  Glacier  have 
been  treated  as  one  localitv.  At  the  foot  of  the  table  is  shown  the  total  number  of 

j 

mctamorphic  rocks  and  the  total  nund)er  of  erratics  of  all  kinds  collected  at  each 
locality.  In  considering  these  hgures  one  must  bear  in  mind  that  it  was  naturally  the 
object  of  the  collector  to  bring  back  as  great  a  variety  of  rocks  as  possible.  The 
hgures  given  in  the  table  represent  the  variety  of  rocAs  at  any  one  locality  and  not 
the  relative  ahundaiire  of  the  ditfeivmt  kinds.  For  the  true  distril)ution  and  relative 
abundance  of  ditferent  types  the  tield-notes  taken  at  the  time  are  more  relialde  than 
any  deducti(.ms  made  from  the  numbers  of  specimens  collected,  and  accordingl}'  these 
notes  are  giveii  in  the  tabular  statement.  It  will  be  seen  that,  in  a  general  wav,  tliev 
l)ear  out  the  results  deducible  from  the  hgures. 

It  is  (juite  clear  that  the  upper  reaches  of  all  four  ghiciers  in  this  area  cut  through 
a  basement  series  of  metaniorphic  rocks  w'hicli  here,  as  in  the  TlcMurdo  Sound  region, 
underlies  all  other  formations  except  the  igneous  rocks  which  have  been  intruded 
into  them.  The  isolated  exposure  at  Inexpressible  Island  must  also  belong  to  this 
sei'ies,  and  the  numerous  imdusions  of  gneisses  and  schists  in  the  granite  of  the 
whole  coastal  belt  bordering  Terra  No^'a  Bay  suggest  that,  l)efore  the  irruption  of 
the  granite,  the  whole  or  the  greater  part  of  this  region  was  occupied  by  a  similar 


formation. 

The  descriptions  of  the  erratics  show  that  there  are  in  this  area  at  least  three, 
})ossil)ly  four,  groups  of  metaniorphic  rocks:  the  porphyritic  biotite-gneiss,  the  other 
biotite-gneisses  and  granulites,  and  the  graphitic  mica-schists. 


The  porphyritic  biotite-gneiss  (p  150)  is  undoubtedly  derived  from  a  granite,  and 
have,  been  described  with  the  other  plutonic  rocks.  It  has  not 
suti’ered  any  very  intense  metamorphism  but  is  foliated  iu  parts,  the  foliation  being 
nioi'e  noticeable  in  specimens  from  the  Priestley  and  CArner  Glaciers  than  in  those  from 


might  we 


*  Raisin  (iMiss  C.  A.). 


Quart.  Jourii.  Geol.  Soc.,  1901,  vol.  57,  p.  61.  Fig.  3. 
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TABLE  SHOWING  THE  VARIETY  OP  METAMOEPHIG  ROCKS  IN  THE  MORAINES. 


Localities  from  which  erratics 
were  collected. 

Evans  Coves  Beach. 

Inexpressible  Island. 

Northern  Foothills. 

Hell’s  Gate  moraine. 

Nunatak  at  entrance  of 
Boomerang  Glacier. 

Inner  moraine  S.  of 
Boomerang  Glacier. 

Ph 

3  . 

9  g 
&o'3 

i  1 

s 

0 

0 

m 

Snowy  Point. 

C.  Sastrugi  and  moraine. 

Eastern  moraine, 

Corner  Glacier. 

Inner  moraines.  Priestley 
and  Corner  Glacier. 

Moraine  1  fouter  moraine), 
Priestley  Glacier. 

Vegetation  Island. 

Porphjn’itic  hiotiie-gneiss. 

1 

1 

1 

2 

8 

4 

6 

23 

CTarnetiferoiis  biotite-gneiss. 

1 

5 

1 

0 

9 

Garnet-  and  cordierite-bear- 

4 

3 

16 

4 

14 

4 

2 

47 

ing  biotite-gneiss. 

Mnscovite-biotite-schist. 

1 

1 

1 

7 

10 

Mica-quartz-granulite. 

2 

1 

1 

3 

1 

8 

16 

Ainphibole-quartz-gramdite. 

1 

1 

1 

3 

3 

y 

P^’roxene-granidite  (Pai’a- 

2 

1 

15 

IS 

diopside-grauulite). 

Diopside-microcline-rock. 

2 

2 

Epidote-qnartz-granidite. 

1 

6 

2 

!1 

Crystalline  limestone. 

1 

4 

5 

G  ra.pl  1  i tic  m ica-scliis t. 

5 

12 

17 

Total  metamorpliics. 

4 

1 

8 

3 

8 

4 

20 

1 

4 

40 

15 

57 

165 

Total  erratics  collected. 

147 

18 

67 

22 

23 

16 

53 

3 

28 

64 

46 

273 

21 

771 

Exti'.T,cb  from  field-notes  on 
tlie  erratics  of  several 
inor.aine.s  made  wlien  the 
siiecimens  were  collected. 
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farther  to  the  east.  It  is  no  doubt  younger  than  the  garnetiferous  and  cordierite- 
Ijearing-  gneisses  and  is  prol)al)ly  intrusive  into  them  ;  it  may  ]je  also  younger  than  the 
para-granulites  and  crystalline  limestones.  Its  distribution  is  better  known  than  that 
of  the  other  rocks,  for  it  is  seen  actually  in  situ  at  the  uunatak  at  the  entrance  of  the 
Boomeranff  Glacier  and  aoain  in  the  eastern  wall  of  the  Corner  Glacier.  Evidence  of 
its  farther  extension  is  given  by  its  appearance  as  erratics  in  the  moraines  of  the 
Boomerang-Campbell  Glacier  and  in  the  western  moraine  of  the  Priestley,  while  farther 
afield  large  boulders  have  been  found  as  far  north  as  Cape  Adare  by  C.  E.  Borchgrevink 
on  the  “  Southern  Cross”  Expedition*  (Fig.  2),  and  also  by  the  Northern  Party  of  this 
Expedition.  Possibly  yet  another  erratic  of  this  rock  is  the  l)lock,  several  tons  in 
weight,  found  by  IMawson  at  Cape  Irizar  and  described  by  him  as  carrying  large  rectan¬ 
gular  anorthoclasesf:  this  must  have  been  in  least  40  miles  south  of  Evans 

Coves. 

The  other  biotite-gneisses  are,  with  the  possible  exception  of  some  of  the 
garnetiferous  luotite-gueisses,  of  sedimentary  origin.  There  is  no  clear  indication  of 
the  mode  of  orioin  of  the  ffarnet-bearino'  biotite-o-neisses  of  the  nunatak  at  the  entrance 

o  o  o  o 

to  the  Boomerang  Glacier  or  of  the  three  garnetiferous  l)iotite-schists  from  the 
Boonieraug-Campl)ell  moraine.  All  the  other  garnet-bearing  gneisses  are  associated 
with  the  cordierite-  and  sillimaiiite-beariny  nneisses  or  with  the  fine-o-rained  o-rev  and 
black  banded  gneisses,  all  of  which  were  most  prcjbably  derived  from  argillaceous 
sediments.  Tliis  group  appears  to  be  represented  in  almost  e(]ual  variety  in  the 
Boomerang-Campbell  moraine  and  in  the  eastern  moraine  of  the  Corner  Glacier,  but 
tlie  garnetiferous  types  were  more  abundant  in  the  former  locality  and  the  garnet- 
free  cordierite-gneisses  in  tlie  hitter.  In  the  Priestley  Glacier,  western  moraine, 
they  are  only  represented  by  two  specimens,  their  place  being  taken  l)y  the  para- 
oranulites. 

O 


The  para-granulites,  clearly,  are  metamorphosed  impure  sandstones,  argillaceous, 
dolomitic,  and  calcareous.  In  some  respects  the  degree  of  metamorphism  which  thev 
have  undero'one  seems  to  be  less  than  that  of  the  cordierite-  and  o-arnet-Q-neis.ses,  and  it 
may  be  suggested  that  the  latter  represent  an  older  series  of  rocks  than  the  para- 
granulites  and  the  associated  limestones.  There  is  not  sutiicient  evidence  to  justifv 
more  than  a  suggestion  of  this  distinction,  l)ut  the  two  groups  of  rocks  do  seem  to  be 
rather  clearly  separated  l)oth  by  petrographic  characters  and  by  their  distribution.  The 
mica-quartz-granulites  and  the  amphibole-quartz-granulites  appear  both  in  the  Corner 
Glacier  and  in  the  Priestley  Glacier  moraines.  The  para-diopside-granulites  are 
restricted  to  the  western  moraine  of  the  Priestley  Glacier,  and  the  diopside-microcline- 
rock  and  the  limestones  are  found  only  in  the  eastern  moraine  of  tlie  CArner  Glacier. 


*  Prior  (G.  T.).  Report  on  tlie  Collections  of  Natural  1  listory  made  in  the  Antarctic  Regions  during 
the  Voyage  of  the  “Southern  Cross.”  London,  1902,  p.  322. 

t  Mawson  (I).).  Brit.  Ant.  E.xp.,  1907-9.  Geology.  Vol.  2  (191G),  p.  230. 
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The  whole  group  is  entirely  absent  from  the  moraines  of  the  Boomerang-Campljell 
Glacier  where  the  garnet-  and  cordierite-gneisses  are  so  prominent. 

The  muscovite-biotite-schists  are  mainly  confined  to  the  Priestley  Glacier  Imt  they 
do  not  constitute  a  very  satisfactory  group,  for  while  two  of  them  resemble  the 
andalusite-schist  of  Ifeald  Island,  which  we  know  to  be  associated  with  the  crystalline 
limestones  in  that  area,  others  show  affinities  with  the  cordierite-  and  sillimanite-l)earing 
gneisses,  and  one  at  least  has  characters  which  may  be  due  to  thermal  metamorphism  and 
so  may  be  related  to  the  graphitic  mica-schists. 

As  to  the  age  of  this  metamorphic  series,  the  evidence  of  the  Pre-Cambrian  age  or 
the  metamorphic  rocks  of  the  MeMurdo  Sound  region  applies  equally  to  the  roeks  of 
this  area,  for  there  is  every  reason  to  suppose  that  the  metamorphic  rocks  in  both 
areas  belong  to  the  same  series. 

The  graphitic  mica-schists  are  quite  distinct  from  the  rest  of  the  metamorphic 
rocks  of  this  region,  and  perhaps  should  have  l)een  described  only  in  the  j^art  dealing 
with  the  sedimentary  rocks.  Boulders  of  them  were  found  in  consideralde  (juantities 
in  the  western  moraine  of  the  Priestley  Glacier  where  they  are  nut  associated  at  all 
with  the  other  types  of  metamorphic  rocks,  l)ut  occur  in  conjuncti(.)n  with  a  very  few 
plutonic  and  dyke  rocks.  Interesting  and  perhaps  significant  features  of  their  occur¬ 
rence  are  the  presence  in  the  moraine  of  a  distinctly  carbonaceous  facies  of  the 
Beacon  Sandstone,  and  also  of  volcanic  rocks  undoubtedly  of  much  older  appearance 
than  those  yet  fiumd  elsewhere  along  the  coast  of  South  Victoria  Land.  The  meta- 
morphism  shown  l)y  these  rocks  is  such  as  can  be  attributed  to  thermal  metamorphism 
in  the  neighbourhood  of  an  igneous  intrusion,  and  is  of  a  very  much  less  intense  type 
than  any  shown  by  the  rocks  of  the  main  metanujrphic  series.  There  is  no  evidence 
as  to  the  nature  of  the  igneejus  intrusion  which  produced  the  metamorphism  (jf  these 
graphitic  schists.  The  oidy  iutrusi(jn  kiajwn  in  the  immediate  vicinity  is  the 
porphyritic  biotite-gneiss  seen  in  the  east  wall  of  the  Corner  Ghicier,  but  this  is  in  parts 
very  much  foliated  and  is  j)robably  earlier  than  the  graphitic  schists.  In  age  they 
must  be  later  than  the  Pre-Cambrian  metamorphic  series  aiid  probably  older  than 
the  Beacon  Sandstone  ;  /.c.  pre-Lower-I  )evonian.  Their  exact  age,  liowever,  and  their 
relation  to  the  series  of  sedimeidary  and  volcanic  rocks  witli  wliicli  they  are  associated 
cannot  be  determined  until  this  very  interesting  region  has  been  revisited  by  a  party 
with  a  more  unrestricted  commissi(.)n  and  with  more  time  at  its  disposal. 
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The  Metamorphic  Rocks  of 
South  Victoria  Land— PI.  1. 


Nu.  5a. — Kocks  from  McMurclo  Sound  region. 

Fig.  1. — Cordierite-beariiig  garnet-gneiss.  In  situ  in  hill  at  the  snout  of  Suess  Glacier,  Dry  Valiev. 
Xo.  DOF.  Magnification  30  diameters,  (p.  141). 

Fig.  2. — Andalusite-bearing  graphitic  muscovite-schist.  In  situ  at  the  top  of  Heald  Island,  Koettlitz 
Glacier.  The  figure  shows  an  end  of  one  of  the  long  pseudomorphs.  The  black  grains 
are  graphite.  The  small  colourless  prisms  are  tourmaline.  Xo.  D2K.  Magnification 
30  diameters.  (p.  140). 

Fig.  3. — Chondrodite-limestone  with  abundant  spinel.  In  situ  opposite  Suess  Glacier,  Dry  Valley. 
Xo.  D12F.  Magnification  17  diameters,  (p.  135). 

Fig.  4. — Garnet-sillimanite-gneiss.  In  situ  opposite  Suess  Glacier,  Dry  Valley.  Xo.  D14F.  Mag¬ 
nification  14  diameters,  (p.  141). 

Xo.  5b. — Rocks  from  the  Terra  Xova  Bay  region. 

Fig.  5. — Garnetiferous  biotite-gneiss.  From  the  Boomerang  Glacier.  Xo.  1497.  Magnification  30 
diameters,  (p.  148). 

Fig.  6. — Muscovite-biotite-schist,  with  pseudomorphs  probably  after  andalusite.  From  Priestley 
Glacier.  Xo.  1386.  Magnification  26  diameters,  (p.  160). 

Fig.  7. — Chondrodite-limestone,  with  chlorite,  graphite,  and  dark-green  spinel.  From  the  eastern 
moraine  of  Corner  Glacier.  Xo.  1751.  IMagnification  30  diameters,  (p.  159). 
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PLATE  2. 


No.  Sb. — Erratics  from  the  Terra  Nova  Bay  region.  The  magnification  in  each  case  is  about 
•  30  diameters. 

Fig.  1. — Biotitequartz-granulite.  From  Evans  Coves.  No.  1528.  A  crystal  of  pale-gi'een 
araphibole  near  the  top  left-hand,  and  of  sphene  near  the  top  right-hand  edge.  (p.  154). 
Fig.  2. — Amphibole-quartz-granulite.  From  eastern  moi’aine,  Corner  Glacier.  No.  1727.  (p.  155). 

Fig.  3.  — Calcite-bcaring  cjuartz-granulite.  From  Priestley  Glacier.  No.  1703.  Showing  a  patch  of 
colourless  garnet,  (p.  155). 

Fig.  4. — Cordierite-  and  sillimanite-bearing  biotite-gneiss.  From  eastern  moraine,  Corner  Glacier. 

No.  1721.  Highly  foliated.  The  colourless  cordierite  in  the  centre  of  the  field  shows 
.some  faint  pleochroic  haloes  surrounding  small  inclusions.  Taken  in  polarised  light, 
(p.  153). 

hdc.  5. —  Graphitic  mica-schist.  From  Prie.stley  Glacier  moraine.  No.  1G22.  (p.  IGO). 

Fig.  G.  -  Graphitic  mica-schist,  with  colourless  gainet  growing  out  from  a  nucleus  of  pyrrliotite. 
From  Priestley  Glacier  moraine.  No.  1813.  (p.  1G2). 
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THE  McMURDO  SOUND  REGION.* 

PLUTONIC  ROCKS  AND  ASSOCIATED  APLITES  AND  PEGMATITES. 

Previous  reports  on  the  plutonic  rocks  of  South  Victoria  Land  have  established  the 
fact  that  the  granites  of  the  McMurdo  Sound  region  belong  in  the  main  to  two 
types,  a  grey  biotite-granite  (PI.  1,  Fig.  3)  and  a  pink  hornblendic  biotite-granite 
probably  somewhat  younger  in  age.  The  grey  biotite-granite  is  later  than  the 
metamorphic  series  and  earlier  than  the  Beacon  Sandstone  which  in  places  rests 
directly  upon  it.  It  contains  very  many  included  masses  of  the  metamorphic  rocks 
and  shows  signs  of  foliation,  particularly  along  the  coast  of  McMurdo  Sound,  which 
is  presumably  near  the  margin  of  the  mass.  The  pink  hornblendic  granite  shows  no 
sign  of  foliation,  contains  no  included  masses  of  metamorphic  rocks,  and  is  believed 
to  be  newer  than  the  grey  biotite-granite. 


*  Based  on  the  field-work  and  collections  of  Mr.  F.  Debenham,  geologist  on  the  Expedition. 
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Grey  Biotite* * * §granite  [Granite  Harbour  type] 

{Hornblende-free  Granodiorite) . 

The  prevailing  type  has  been  described  by  Dr.  G.  T.  Prior  *  as  “  somewhat 
gneissic  in  character,  and  shows  signs  of  parallel  structure  in  the  arrangement  of  the 
shreds  of  biotite.  It  consists  of  large  plates  of  orthoclase  and  oligoclase,  with  inter¬ 
stitial  quartz- mosaic  (cataclastic  structure)  and  flakes  of  biotite.  The  oligoclase  is 
mostly  idiomorphic,  and  shows  both  albite-  and  pericline-twinning.  A  little  sphene 
and  small  rounded  zircons  are  present  as  accessory  minerals.  The  rock  shows 
evidence  of  pressure  in  the  strain-shadows  in  the  quartz,  as  well  as  in  slight  bending 
of  the  twin  lamellae  and  fracture  of  the  crystals  of  oligoclase.”  The  sphene  recorded 
by  Prior  is  present  as  large  crystals  in  his  original  section,  but  it  has  not  been  seen 
in  any  other  sections  and  seems  to  be  an  unusual  constituent.  Orthite  and  apatite 
are  present  in  every  case.  The  appearance  of  the  rock  in  the  field  is  illustrated  in 
PI.  1,  Fig.  3. 

A  typical  specimen  of  the  grey  granite  (D9G)  from  Cape  Geology  was  analysed 
by  Mr.  E.  1).  Mountain  of  the  Mineral  Department,  British  Museum,  with  the  results 
given  in  Table  I,  column  1. 

The  calculated  norm  is  ; — 
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0-34 

The  C.  I.  W.  P.  co-ordinates  are  I.  4. 3  (2).  3.  Sub-rang  Amiatose. 

For  comparison,  analyses  are  quoted  of  a  biotite-granite  from  Boyal  Batholith, 
Phillipsburg  Quadrangle,  Montana,!  and  of  a  protogine  from  Cevins,  Haute  Savoie.]; 
The  Boyal  Batholith  granite  has  been  classified  as  quartz-monzonite  by  W.  H. 
Emmons  and  F.  C.  Calkins. 

The  mode  of  the  grey  granite  has  not  been  calculated.  The  biotite  which  is 
present  ^  would  require  much  of  the  potash  from  the  normative  orthoclase,  so  that 
in  the  rock  itself  plagioclase  must  predominate  to  a  very  marked  degree. 

The  mineral  composition  of  the  rock  may  be  expressed  by  naming  it  a  hornblende- 
free  granodiorite. 


*  Prior  (G.  T.),  Nut.  Ant.  Exp.,  1901-4,  Natural  History,  vol.  1  (1907),  p.  125. 

+  Emmons  (YY.  H.)  and  Calkins  (F.  C.),  U.S.  Geol.  Surv.,  Prof.  Paper  78,  1913,  p.  109. 

t  Osann  (A.),  Beitr.  z.  cliemische  Petrographie,  Teil  2,  1905,  p.  12  ;  and  Fitter  (E.),  Les  Massifs 
de  Beaufort  et  du  Grand-Mont,  Tliese  fac.  d.  Sci.  de  I’Univ.  Geneve,  1894,  p.  27. 

§  Estimated  from  measurements  on  three  thin  sections  as  between  11  and  15  per  cent.  See  p.  227. 
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TABLE  I. 


1. 

2. 

3. 

SiOj 

68-33 

68-40 

68-60 

AI2O3 

16-56 

16-34 

16-15 

Fe^Oj 

0-34 

0-17 

— 

FeO 

2-82 

1-56 

2-93 

MgO 

0-61 

0-64 

0-66 

CaO 

3-43 

3-97* 

2-35 

Na.O 

3-85 

3-39 

5-54 

K3O 

3-66 

3-91 

3-31 

H,0  + 

0-38 

0-55 

— 

H,0- 

0-04 

0  29 

1-04  (ig.) 

TiO^ 

0-29 

0-29 

— 

P.O5 

0-23 

0-22 

— 

MnO 

tr. 

0-07 

— 

100-44 

99.80 

100-58 

1.  D9G  Grey  granite,  Ridge  Rocks,  Cape  Geology,  Granite  Harbour. 

2.  Quartz-monzonite,  Royal  Batliolith,  Phillipsburg  Quadrangle,  Montana. 
•  3.  Protogine,  granitic  type,  Cevins,  Haute  Savoie. 


Some  information  on  the  distribution  of  the  grey  granite  is  to  be  found  in  the 
account  of  the  Glaciology  of  South  Victoria  Land  by  Sir  T.  W.  Edgeworth  David  f 
and  R.  E.  Priestley  in  the  reports  on  the  National  Antartic  Expedition  of  1907-9, 
These  authors  observed  a  grey  granite  forming  Mounts  Larsen,  Gerlache,  and 
Crummer  (Fig.  1).  A  gneissic  grey  granite  forms  a  small  promontory  SW.  of  Prior 
Island  at  the  mouth  of  the  Davis  Glacier,  and  appears  again  at  Depot  Island,  Dunlop 
Island,  and  Cape  Ross,  where  it  was  seen  to  contain  many  inclusions  of  “quartzite." 
In  Granite  Harbour  it  is  believed  to  form  Mount  Marston  and  Mount  England,  and 
there  are  three  or  four  outcrops  at  Marble  Point.  It  is  not  possible  to  be  certaiii 
that  all  these  outcrops  belong  to  the  same  kind  of  granite  or  to  the  same  intrusion  at 
all  points  along  the  two  hundred  miles  of  coast  between  Mount  Larsen  and  New 


*  CaO  includes  BaO  0-15,  SrO  0'05. 

t  David  (T.  W.  E.)  and  Priestley  (R.  E.),  Brit.  Ant.  Exp.,  1907-9,  Geology,  vol.  1  (1914), 
pp.  64-85. 
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Harbour,  but  we  shall  show  later  that  there  is  no  marked  difference  revealed  by  the 
analyses  of  the  granites  of  Mount  Larsen  and  that  of  Granite  Harbour,  and  evidence 
is  in  favour  of  all  the  occurrences  being  exposures  of  one  enormous  laccolite  of  which 
the  margin  is  exposed  along  the  coast. 

The  granite  seen  on  the  coast  exposures  is  in  nearly  every  case  much  more 
strongly  foliated  than  the  rock  of  Granite  Harbour,  but  specimens,  apparently  not 
far  from  their  outcrops,  quite  similar  to  the  Granite  Harbour  type  w^ere  found  by 
Priestley  on  his  journey  down  the  coast  in  1912  at  Tripp  Island,  Gregory  Island, 
Cape  Ross,  Cape  Roberts,  Dunlop  Island,  Gneiss  Point,  and  Marble  Point,  so  that 
the  distribution  of  these  erratics  is  evidently  very  uniform  along  this  part  of 
the  coast. 

A  gneissic  granite  is  recorded  by  Debenham  as  intrusive  in  the  metamorphic 
series  at  Cape  Bernacchi,  and  it  is  found  in  situ  at  Spike  Point,  Gneiss  Point,  and 
also  near  Granite  Harbour  at  Point  View  (2  miles  west  of  Cape  Roberts),  and  at 
Cape  Roberts  itself,  where  there  are  numerous  aplite  veins  running  in  all  directions 
and  great  abundance  of  included  masses  of  metamorphic  rocks  which  seem  to  preserve 
the  general  north  and  south  strike. 

In  Granite  Harbour  itself  the  grey  biotite-granite  was  found  in  situ  at  the  base 
of  the  Piedmont  Tongue  (4  miles  west  of  Cape  Roberts),  at  Cape  Geology,  and 
forming  the  whole  of  The  Flatiron  below  the  1,000-foot  contour,  and  the  lower  part 
of  Cuff  Cape  ;  farther  west  it  appears  near  the  top  of  Mount  Suess  and  at  the  northern 
end  of  Gondola  Ridge  (D8lG)  (Fig.  2).  Wherever  seen  it  contains  inclusions  of 
metamorphic  rocks.  At  the  typical  exposure  at  Cape  Geology  (D9G)  the  granite 
is  porphyritic,  the  phenocrysts  of  orthoclase  often  reaching  3  inches  in  length. 
These  phenocrysts  are  frequently  reddish  in  colour  and,  in  fact,  there  is  a  tendency 
for  the  weathered  rock  to  assume  a  reddish  tinge.  The  master-joints  run  roughly 
NE.  and  SW.,  parallel  to  the  direction  of  the  prominent  dikes  in  this  area. 

In  the  Ferrar  Glacier  region  very  little  material  was  collected  from  the  exposures 
of  the  grey  granite  except  from  a  hill  by  Double  Curtain  Glacier  at  the  SE.  end 
of  the  Kukri  Hills,  which  is  farther  east  than  any  of  the  granite  exposures  hitherto 
recorded.  H.  T.  Ferrar’s  report  on  this  region  dealt  wdth  many  exposures  of  the 
granite,  but,  owing  to  some  confusion  between  the  two  types  of  granite,  their 
distribution  cannot  be  made  out  very  clearly.  The  specimens  collected  by  the 
Discovery  Expedition  of  1901-4  have,  however,  been  re-examined,  and  it  is  found 
that  the  typical  grey  biotite-granite  is  represented  by  :  No.  562  from  the  granite 
hillock  Ng*  at  about  3,500  feet  [i.  e.  1  mile  west  of  G4]t;  No.  563,  collected  by 
Dr.  R.  Koettlitz  at  [the  eastern  Granite  Knoll]  at  3,000  feet,  full  of  inclusions  and 


*  References  are  to  the  geological  map  published  with  Nat.  Ant.  Exp.,  1901-4,  Natural  History, 
vol.  1  (1907). 

t  References  in  square  brackets  are  to  the  map  of  the  Ferrar-Koettlitz  District,  No.  1,  issued  with 
this  Number. 
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jji'obably  belonging  to  the  hornblendic  facies  described  below;  No.  708  at  the  level 
of  the  ice  below  in  the  Kukri  Hills  ;  and  Nos.  706  and  707  from  500  feet  higher 
at  the  same  jDlace.  The  last  two  are  slightly  coarser  in  grain  than  the  typical  granite  : 
they  show  a  contact  with  the  dolerite  which  has  a  chilled  edge  at  the  contact. 
Rather  less  certainly  identified  as  belonging  to  the  grey  biotite-granite  is  a  specimen 
(626)  collected  by  Lieut.  R.  W.  Skelton  at  E4  [Snow  ridge  south  of  Descent  Pass]  at 
a  height  of  5,000  feet ;  while  Ferrar  believed  the  grey  biotite-granite  formed  the 
greater  part  of  Sentinel  Peak  and  hill  m  [6,000  feet]  in  the  Kukri  Hills. 

Apart  from  the  last  two  unconfirmed  observations  there  is  a  remarkable 
uniformity  about  the  levels  of  the  upper  surface  of  the  granite  where  it  is  capped 
by  the  lower  dolerite  sill  in  the  Ferrar  Glacier  region.  Thus  the  top  of  the  grey 
granite  below  Dg  is  500  feet  above  the  ice,  i.  e.  about  3,500  feet  above  sea-level ;  the 
top  of  the  lower  granite  in  the  eastern  end  of  the  Cathedral  Rocks  is  about  3,000  feet ; 
on  the  north  side  of  the  Kukri  Hills  about  the  same  ;  and  the  top  of  the  lower  yellow 
band  in  Solitary  Rocks,  which  Priestley  has  identified  as  granite,*  is  3,000  feet. 

Debenham  believes  the  horizontality  and  general  level  of  the  upper  surface  are 
maintained  in  Granite  Harbour,  but  at  The  Flatiron  the  pink  granite  is  seen  as  low 
as  1,000  feet,  while  at  the  Punchbowl  it  runs  down  to  the  300-foot  contour  (Fig.  3). 

In  the  Ferrar  Glacier  region  the  granite  is  always  separated  from  higher  rocks 
by  a  sill  of  dolerite,  but  this  seems  generally  to  have  been  intruded  at  the  upper 
surface  of  the  granite,!  and  the  abundance  of  inclusions  of  metamorphic  rocks 
possibly  indicates  that  we  are  dealing  with  portions  near  the  top  of  the  original 
laccolite. 

It  is  doubtful  if  the  base  of  any  part  of  the  granite  intrusion  has  ever  been  seen. 
Ferrar  found  metamorphic  rocks  at  the  base  of  Cathedral  Rocks,  but  they  may  only 
form  part  of  a  large  included  block.  Again,  he  records  “  augen-gneiss  ”  in  place 
at  the  base  of  D4  with  only  3,000  feet  of  granite  above  it,  but  this  is  evidently  near 
the  margin  of  this  part  of  the  intrusion,  for  the  metamorphic  rocks  come  on  in 
strength  a  little  to  the  east,  and  the  granite  is  only  recorded  farther  east  near  the 
base  of  Double  Curtain  Glacier,  where  it  possibly  forms  a  small  intrusion  in  the 
metamorphics. 


Xenoliths  and  hornblendic  patches  in  the  grey  granite. 

It  has  been  mentioned  already  that  the  grey  granite  contains  numerous  inclu¬ 
sions  of  the  metamorphic  rocks,  gneisses,  granulites,  and  limestones,  which  represent 
foundered  portions  of  the  roof  of  the  granite  laccolite.  The  gneisses  seem  to  have 
siiftered  no  absorption  :  the  sharpness  and  angularity  of  their  outlines  are  well  shonui 


*  Priestley  (R.  E.),  The  Heai-t  of  the  Antarctic,  1909,  vol.  2,  Appendix  3,  p.  320. 

+  See  Figs.  1,  2,  6,  and  7  in  No.  4  of  this  report ;  also  Nat.  Ant.  Exp.,  1901-4,  Natural  History, 
vol.  1  (1907),  p.  37,  Fig.  18. 
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Fig.  3. — Devil’s  Punchbowl,  Granite  Harbour.  From  the  plane-table  survey  by  Mi’.  F.  Debenham. 
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in  the  photograph  of  gneiss  included  in  gi’anite  at  Cape  Geology  (PI.  1,  Fig.  1). 
The  pyroxene-granulite  inclusions,  on  the  other  hand,  have  reacted  strongly  ■with 
the  invading  granite  and,  except  in  the  case  of  large  inclusions,  remain  only  as  cores 
of  spheroids  in  an  orbicular  granite  shortly  to  be  described.  Limestone,  although 
the  most  widespread  of  the  metamorphic  rocks  in  the  Ferrar  Glacier  region,  is  repre¬ 
sented  only  by  two  very  large  inclusions.  Marble  Dike  (PI.  1,  Fig.  6)  and  Marble 
Outcrop,  and  it  is  believed  that  all  the  smaller  ones  have  been  completely  absorbed. 

Specimens  of  the  orbicular  granite  mentioned  above  were  collected  at  Boulder 
Beach  near  Cape  Geology  (PI.  1,  Fig.  2),  and  at  point  K  on  The  Flatiron  (Fig.  4). 
The  granite  in  which  the  orbicular  structure  has  developed  is  the  grey  granite 
described  above,  and  the  orbicular  structure  itself  is  clearly  traceable  to  reaction 
with  inclusions  of  the  para-pyroxene-granulites,  although  in  many  of  the  spheroids 
the  nucleus  has  been  entirely  replaced.  Hornblende  plays  a  very  important  part  in 
these  orbicular  structures.  The  spheroids  themselves  have  a  well-marked  concentric 
structure  combined  with  a  less  definite  radial  arrangement  of  the  hornblende  and,  in 
some  cases,  of  biotite. 

The  edges  of  the  included  pyroxene-granulite  are  quite  sharp,  pyroxene  dis- 
ajipears  entii’ely,  and  the  first  band  in  the  orbicular  structure  consists  mainly  of 
hornblende  crystals,  with  well-marked  sieve-structure  due  to  numerous  inclusions 
of  rounded  grains  of  felspar  and  quartz.  Proceeding  outwards  there  is  a  gradual 
increase  in  the  size  of  the  hornblende  crystals  in  successive  bands,  felspar  and  quartz 
become  more  abundant,  and  there  is  a  gradual  passage  to  a  rather  basic  hornblendic 
granite  of  very  variable  composition.  Sphene,  as  crystals  up  to  1-4  mm.  in  length, 
is  often  conspicuous  in  some  of  the  hornblendic  bands.  A  similar  development  of 
concentric  bands  rich  in  hornblende  was  described  at  a  contact  of  quartz-diorite  and 
pyroxene-granulite  in  the  account  of  the  metamorphic  rocks.* 

In  many  cases  the  original  nucleus  of  the  spheroid  has  disappeared,  and  its 
place  is  taken  by  a  mass  of  hornblende  and  biotite  forming  an  ellipsoidal  nodular 
core  to  successive  concentric  shells.  Some  of  these  spheroids  were  15  cm.  in  diameter 
and  had  weathered  out  whole  from  the  enclosing  granite.  In  other  cases  the 
spheroids  are  less  clearly  marked,  and  the  orbicular  structure  is  indicated  only  by 
slightly  darker  patches  in  the  grey  granite  showing  traces  of  radial  and  concentric 
lines  of  the  dark  minerals.  The  final  stage  is  the  complete  obliteration  of  the 
orbicular  structure  and  the  development  of  a  rather  basic  porphyrltic  hornblendic 
granite  in  patches  of  rather  limited  extent  and  very  irregular  distribution. 

This  hornblendic  facies  of  the  grey  blotite-granite  is  a  rather  coarse-grained  rock 
with  granitic  texture.  It  is  very  variable  in  composition.  The  hornblende  is  some¬ 
times  present  as  large  black  crystals,  1-2  cm.  long,  forming  the  centres  of  ill-defined 
orbicular  structures  :  more  frequently  it  is  scattered  through  the  rock  rather 


*  This  report,  No.  5,  p.  137. 
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Fig.  4. — Geological  sketch-map  of  The  Flatiron,  Granite  Harbour.  Based  on  the  plane-table 

survey  by  Mr.  F.  Debenham. 
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unevenly  as  crystals  up  to  0-5  cm.  across.  There  are  a  few  porphyritic  crystals  of 
orthoclase  up  to  2  cm.  long  (PI.  1,  Fig.  4). 

Under  the  microscope  the  rock  is  seen  to  consist  of  hornblende,  orthoclase, 
oligoclase  (Ab4  Anj),  and  quartz,  with  some  brown  biotite :  accessory  constituents 
are  apatite,  orthite,  and  rather  abundant  sphene,  sometimes  as  crystals  1  mm.  long. 
The  hornblende  has  the  characters  of  common  hornblende  with  pleochroism  from  pale 
yellow  to  dark  shades  of  green. 

A  chemical  analysis  of  one  of  the  more  even-grained  specimens  of  this  type 
(D90G)  was  made  by  Mr.  J.  B.  Plattnauer  with  the  results  shown  in  Table  II, 
column  3. 

The  norm  calculated  from  this  analysis  is  :  — 


Q 

19-56 

di 

4-54 

or 

19-46 

iiy 

8-70 

ab 

20-44 

mt 

3-25 

an 

21-41 

il 

1-37 

ap 

0-34 

The  co-ordinates  in  the  C.  I.W.  P.  classification  are  II.  4.  3.  3. 

In  chemical  composition  the  rock  is  not  far  removed  from  some  of  the  quartz- 
monzonites  of  Butte,  Montana,  described  by  W.  H.  Weed.* 

It  is  not  intended  in  this  place  to  discuss  the  chemical  evidence  in  favour  of  the 
theory  advanced  that  this  basic  hornblendic  facies  is  due  to  the  assimilation  of 
para-pyroxene-gramdites  and  possibly  of  limestones  by  the  grey  biotite-granite,  but 
for  convenience  of  future  reference  an  analysis  is  given  of  a  para-pyroxene-granulite 
from  the  core  of  one  of  the  inclusions  in  the  grey  granite  (D96G).  This  anal3'’sis 
has  been  made  by  Mr.  E.  I).  Mountain  of  the  Mineral  Department,  British  Museum. 
The  results  are  given  in  Table  II,  column  2,  and  for  comparison  an  analysis  by 
G.  J.  Burrows  and  E.  B.  Walkom  of  an  acid  pyroxene-granulite  from  an  erratic  at 
Cape  Boyds  is  given  in  column  1. 

Whatever  assimilation  has  gone  on  it  clearly  cannot  be  purely  additive  in 
character,  for  the  hornblendic  granite  contains  less  silica  than  either  the  grey  granite 
(Table  II,  column  4)  or  the  pyroxene-granulite  of  the  inclusion  (Table  II,  column  2). 
The  pyroxene-granulites  themselves  have  a  wide  range  of  composition,  and  there  is 
no  means  of  ascertaining  the  exact  composition  of  the  inclusion  before  its  envelop- 
jnent  by  the  invading  granite.  Quite  apart  from  chemical  evidence,  however,  the 
field  observations  point  strongly  to  the  development  of  the  hornblendic  facies  l\v 
assimilation  of  included  pyroxene-granulites.  Every  gradation  can  be  traced  from 
the  orbicular  granite  to  the  basic  hornblendic  granite.  Moreover  Debenham  has 
mapped  in  detail  the  distribution  of  the  hornblendic  granite  on  The  Flatiron,  and 

*  Weed  (W.  H.),  U.S.  Geol.  Surv.,  Prof.  Paper  74,  1912,  p.  33.  Washington  (H.  S.),  U.S. 
Geol.  Surv.,  Prof.  Paper  99,  1917,  p.  359. 
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his  mapping  bears  out  his  observations  that  this  hornblendic  facies  occurs  whenever 
inclusions  of  limestone  and  pyroxene-granulites  are  found  (Fig.  4). 

The  absorption  of  the  metamorphic  rocks  must  have  taken  place  under  deep- 
seated  conditions  while  the  granite  magma  was  still  fluid  and  yet  too  viscous  to 
allow  of  the  wide  diffusion  of  the  products  of  assimilation.  The  process  was  evidently 
completed  before  the  extrusion  of  the  acid  apoj)hyses  which  marked  the  final  phase 
of  the  solidification  of  the  grey  granite,  for  these  apophyses  in  places  cut  and 
metamorphose  the  hornblendic  patches  (see  p.  181). 


TABLE  11. 


1. 

2. 

3. 

4. 

SiO, 

74-67 

73-11 

62-54 

68-33 

A\,0, 

8-37 

7-11 

15-41 

16-56 

Fe^Oj 

0-95 

0-26 

2-21 

0-34 

FeO 

3-37 

3-45 

4-18 

2-82 

MgO 

2-52 

3-48 

2-53 

0-61 

CaO 

5-19 

6-06 

5-60 

3-43 

Na,0 

2-09 

1-89 

2-39 

3-98 

K,0 

1-31 

2-51 

3-31 

3-56 

H,0  + 

0-30 

0-42 

0-62 

0-38 

H,0- 

0-26 

0-11 

0-29 

0-04 

TiOj 

110 

1-66 

0-69 

0-29 

P.0, 

0-57 

tr. 

0-25 

0-23 

MnO 

0-09 

— 

tr. 

tr. 

100-79 

100-06 

10002 

100-57 

1.  Erratic  No.  96.  Acid  pyroxene-granulite  (Para-pyroxene-granulite).  Brit.  Ant.  Exp.,  1907-9, 

Geology,  vol.  2  (1916),  p.  161.  Anal.  Burrows  (G,  J.)  and  Walkom  (A.  B.). 

2.  D96G.  Para-pyroxene-granulite  from  inclusion  in  grey  granite :  centre  of  spheroid.  Anal. 

Mountain  (E.  D.). 

3.  D90G.  Hornblendic  facies  of  grey  granite.  The  Flatiron,  Granite  Harbour.  Analyst 

Plattnauer  (J.  B.). 

4.  D9G.  Typical  grey  granite  from  Kidge  Kocks,  Cape  Geology,  Granite  Harbour.  Analyst 

Mountain  (E.  D.). 

It  is  of  interest  to  notice  that  two  specimens  (712  and  721)  quite  similar  to  the 
hornblendic  facies  of  the  grey  granite  just  described  were  collected  by  Ferrar  east  of 
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the  shoulder  at  Cathedral  Ptocks,  where  “  a  tongue  of  granitic  rock  ends  the 
gneissic  exposure.”  The  diorite  (715)  east  of  this  tongue,  described  and  analysed  by 
Prior,  is  a  more  basic  rock  and  quite  distinct  in  character  from  the  rocks  we  have 
l:)een  discussing.  The  occurrence  of  the  hornblendic  facies  in  the  Ferrar  Glacier 
region  is  additional  evidence  of  the  identity  of  the  intrusions  of  grey  granite  here 
and  in  Granite  Harbour. 

Mention  may  be  made  here  of  some  rocks  (D104G,  D84G,  D56G)  with  the 
appearance  of  typical  melanocratic  diorites  found  in  the  talus  below  The  Devil’s 
Thumb  ridge  in  the  Devil’s  Punchbowl  and  on  the  slopes  of  Discovery  Bluff.  They 
are  composed  mainly  of  idiomorphic  hornblendes  and  acid  plagioclase  with  small 
patches  of  quartz  and  orthoclase.  The  hornblendes  are  present  both  as  long  prismatic 
and  as  tabular  crystals.  They  give  extinction  angles  of  about  13°,  and  where  they 
are  unaltered  the  pleochroism  is  a  cream-buff,  /3  tawny-  to  buckthorn-brown,  y  olive. 
There  are  abundant  flakes  of  brown  biotite  in  some  specimens  from  the  Devil’s 
Punchbowl,  and  this  has  been  partly  altered  into  green  chlorite ;  in  most  specimens 
the  alteration  is  complete.  The  accessory  constituents  are  sphene,  epidote,  and 
apatite,  all  abundant  and  the  sphene  particularly  so. 

These  rocks  are  very  similar  in  mineral  composition  to  the  sphene-bearing 
diorites  of  Mount  Larsen  described  by  Sir  D.  Mawson.*  Unfortunately  none  of  them 
were  found  in  place. 

Aplitic  dikes  and  their  effects  on  the  xenoliths. 

Dike  rocks,  which  can  be  definitely  associated  with  the  grey  blotite-granlte,  are 
very  few.  Red  veins  in  the  grey  granite  of  Granite  Harbour  wei’e  observed  by 
Ferrar, f  who  described  their  gradual  passage  from  red  at  the  centre  of  the  vein  to 
the  normal  grey  granite.  His  observations  have  been  confirmed  by  Debenham,  who 
found  these  veins  well  developed  on  the  western  side  of  Cape  Geology  (D57G). 
Inclusions  of  metamorphic  rocks  were  seen  in  the  veins.  As  recorded  by  G.  T.  Prior  | 
the  rock  of  these  veins  consists  of  coral-red  phenocrysts  of  orthoclase  (8  mm.  x  5  mm.) 
in  a  ground-mass  of  drab-coloured  oligoclase  (ext.  12°)  and  quartz-mosaic  with  brown 
biotite.  They  are  acid  ort}ioclase-2')orphyries  probably  approximating  in  composition 
to  the  grey  granite  of  which  they  are  apophyses,  and  they  are  probably  almost  con- 
tejnporaneous  with  its  intrusion.  They  contain  no  hornblende  and  show  no  connexion 
with  the  pink  hornblendic  biotite-granlte. 

At  the  Devil’s  Punchbowl  a  coarse  pegmatite  (DllG)  of  quartz  and  coral-red 
orthoclase  was  found  in  which  the  crystals  of  orthoclase  reach  7  cm.  in  length,  and 
there  are  occasional  plates  of  biotite  1-5  cm.  in  diameter.  This  differs  in  character 


.  33. 


*  Mawson  (D.),  Brit.  Ant.  Exp.,  1907-9,  Geology,  vol.  2  (1916),  pp.  224-5. 
+  Ferrar  (H.  T.),  Nat.  Ant.  Exp.,  1901-4,  Natural  History,  vol.  1  (1907),  p, 
^  Prior  (G.  T.),  ibid.,  p.  126. 
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from  the  pegmatites  associated  with  the  pink  hornblendic  granite  described  below 
(p.  185),  and  the  fact  that  in  one  specimen  the  coarse  pegmatite  is  in  contact  with  one 
of  the  red  veins  just  described  indicates  a  possible  connexion  with  the  grey  granite 
and  not  with  the  pink  granite  with  which  all  the  other  pegmatites  are  clearly 
associated. 

Aplltic,  rocks  found  as  erratics  at  Cape  Bernacchi  and  Marble  Point  have  been 
described  in  No.  5  of  this  report  (p.  MS'*,  and  it  was  there  pointed  out  that  these 
pyroxene-bearing  aplites  may  be  earlier  than  the  grey  granite  of  Granite  Harbour. 
It  is  worthy  of  note,  however,  that  somewhat  similar  aplites  carrying  pyroxene  and 
scapolite,  intrusive  into  or  near  calcareous  sediments,  are  associated  with  the  igneous 
complex  of  Phillipsburg  Quadrangle,  Montana,*  one  member  of  which  has  been  shown 
to  he  closely  related  to  the  grey  granite. 

Other  aplites  were  seen  penetrating  the  granite  at  Cape  Roberts,  and  at  Point  P 
on  The  Flatiron  (Fig.  4),  where  Debenham  observed  a  whole  network  of  acid  dikes 
cutting  the  granite  and  a  large  triangular  patch  of  included  metamorphics. 

In  one  specimen  (D9(]G)  from  Point  K  on  The  Flatiron  an  aplitic  dike  seems  to 
have  intersected  and  metamorphosed  one  of  the  patches  of  basic  hornblendic  granite. 
Near  the  contact  the  large  black  hornblende  crystals  are  surrounded  by  pale  green 
pyroxene  in  parallel  position,  and  at  four  centimetres  from  the  contact  all  trace  of 
hornblende  has  disappeared  and  the  resultant  rock  consists  of  large  pale  green 
diopsides  (with  included  sphene),  oligoclase-andesine,  and  subordinate  quartz  in 
patches  of  small  rounded  grains,  with  orthite  and  apatite  as  accessory  constituents. 

Rather  similar  diopside-bearing  veins  are  found  bordering  the  large  inclusions  of 
limestone  at  Marble  Outcrop  and  Marble  Dike  described  in  No.  5  of  this  report 
(see  PI.  I,  Figs.  5  and  6). 

At  Marble  Outcrop  the  limestone  is  flanked  by  a  para-pyroxene-granulite.  An 
acid  vein  (Dl5G)  in  contact  with  this  granulite  consists  of  large  crystals  of  orthoclase, 
with  large  green  diopsides,  0-5-1  cm.  across,  patches  of  quartz,  and  abundant  crystals 
of  sphene  2-3  mm.  in  length.  For  about  0-5  cm.  from  the  contact  scapolite  is 
developed  in  abundance  and  apparently  replaces  most  of  the  felspar.  The  pyroxene- 
granulite  also  shows  patches  rich  in  scapolite  in  the  neighbourhood  of  the  coil  tact. 

At  Marble  Dike  another  similar  acid  vein  (Dl4G)  contains  even  larger  diopsides 
which  occasionally  show  relics  of  hornblende  enclosed  in  the  pyroxene.  The  felspar 
is  mainly  orthoclase.  Sphene  is  rare,  but  both  orthite  and  apatite  occur  as  accessories. 

These  diopside-bearing  acid  veins  appear  to  be  due  to  assimilation  by  very  acid 
intrusions  of  the  metamorphic  limestones  and  granulites  and,  in  one  case,  to  reaction 
with  the  hornblendic  granite-patches.  Similar  rocks  were  found  by  the  late 
Mr.  A.  F.  Zealley  in  association  with  masses  of  limestone  included  in  the  granite 
of  Donegal ;  and  at  Roiloup  near  St.  Brevin  (Loire-Inferieure),  Professor  Lacroix  f 


*  Emmons  (W.  H.)  and  Calkins  (F.  C.),  U.S.  Geol.  Surv.,  Prof.  Paper  78,  1913,  p.  120. 
t  Lacroix  (A.),  Bull.  Soc.  franf.  Min.,  1889,  vol.  12,  p.  120. 
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has  described  the  development  of  pyroxene  (malacolite)  and  sphene  in  a  “  gnanulite  ” 
intrusive  into  a  “gneiss  pyroxenique  a  wernerite (scapolite-bearing  pyroxene- 
granulite).  Here  the  intrusive  “  granulite  ”  is  composed  of  quartz  and  orthoclase 
in  large  crystals,  and  the  crystals  of  pyroxene  which  are  found  up  to  30  cm.  from  the 
contact  reach  as  much  as  3  cm.  in  length. 

Dr.  C.  E.  Tilley  *  has  recently  indicated  chemical  conditions  which  may  produce 
diopside-microcline  rocks  from  impure  dolomites  in  which  he  assumed  sericite  and 
(juartz  present  as  detrital  minerals.  In  the  present  instance  the  quartz  and  ortho- 
clase  molecules  have  been  supplied  by  the  acid  intrusion  itself. 

Acid  dikes  have  penetrated  the  large  inclusions  of  crystalline  limestones  and 
})yroxene-granulites  at  Marble  Outcrop  and  Marble  Dike  and  run  roughly  parallel  to 
the  foliation. f  Near  their  contact  with  the  pyroxene-granulites,  the  product  (D85G) 
is  a  confused  mass  of  garnet,  actinolite,  and  idocrase,  with  some  calcite  and  an 
indeterminate  turbid  matrix.  At  the  actual  junction  (D7G)  large  ill-developed 
crystals  of  idocrase,  green  pyroxene,  and  wollastonite  are  the  final  products  of  the 
metamorphism. 

Two  of  the  acid  veins  within  the  mass  of  limestone  at  Marble  Dike  are  shown  in 
PI.  1,  Fig.  5.  The  centre  of  these  veins  consists  of  a  very  fine-grained,  compact,  pale 
grey  rock  (D23G)  composed  of  abundant  orthoclase  or  perthite  with  subordinate 
oligoclase  and  quartz,  some  colourless  pyroxene,  wollastonite,  rose-red  sphene  in 
small  crystals,  occasional  crystals  of  apatite,  and  some  irregular  patches  of  calcite. 
Towards  the  edges  of  the  vein,  scapolite  appears  forming  large  plates  which  enclose 
radiating  clusters  of  wollastonite,  some  colourless  pyroxene,  and  a  little  sphene  and 
graphite.  The  dikes  themselves  are  bordered  by  a  selvage  of  fibrous  wollastonite 
through  which  are  scattered  small  green  pyroxenes.  The  wollastonite  is  sometimes 
very  strongly  developed,  forming  large  masses  a  foot  or  more  across. 

It  is  interesting  to  note  that  the  aplitic  veins  alone  appear  to  be  responsible  for 
the  production  of  this  marked  contact  metamorphism.  No  contact  metamorphic 
minerals  are  found  in  the  inclusions  in  the  grey  granite  except  where  these  have 
been  cut  by  the  aplitic  dikes. 

Pink  Hornblendic  Biotite-granite. 

The  pink  hornblendic  biotite-granite  of  Granite  Harbour  and  the  Ferrar  Glacier 
region  is  quite  similar  to  the  pink  granite  of  Cape  Irizar  described  and  figured  by 
!Sir  Douglas  Mawson  |  and  analysed  by  E.  B.  Walkom.  The  rock  consists  of  fiesh- 
coloured  orthoclase,  as  Carlsbad  twins  rarely  exceeding  1  cm.  in  length,  with  white 
oligoclase,  dark  blebs  of  quartz,  and  very  small  biotite  flakes  and  hornblende  prisms 

*  Tilley  (C.  E.),  Geol.  Mag.,  1920,  vol.  57,  p.  497. 

t  See  this  report,  No.  5,  p.  136. 

+  Mawson  (D.),  Brit.  Ant.  Exp.,  1907-9,  Geology,  vol.  2  (1916).  p.  210. 
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in  variable  amount.  The  orthoclase  crystals  are  conspicuous,  owing  rather  to  their 
colour  than  to  any  marked  porphyritic  habit.  It  is  not  necessary  to  repeat  Mawson’s 
account  of  the  characters  of  the  constituents.  Allanite  (orthite)  was  found  as  an 
accessory  in  all  the  typical  specimens.  The  results  of  E.  B.  Walkom’s  analysis  of  the 
pink  granite  of  Cape  Irizar  are  given  in  Table  III,  column  2  (p.  197). 

Granites  with  large  red  porphyritic  felspars  are  recorded  by  Prior  *  from  Granite 
Harbour,  but  the  specimen  (563)  described  from  Snow  Valley  is  exceptional  in 
character  and  does  not  represent  the  general  type.  Other  specimens  of  H.  T.  Ferrar’s 
collection  examined  recently  are  found  to  show  precisely  the  characters  given  by 
Mawson  for  the  Cape  Irizar  type. 

In  Granite  Harbour  Debenham  found  the  pink  hornblendic  granite  forming 
IiedclifFs,t  the  top  of  The  Flatiron  above  the  1,000-foot  contour,  in  the  talus  above 
Cape  Geology,  and  hi  situ  at  the  Devil’s  Punchbowl,  where,  as  mentioned  above,  it 
comes  down  to  the  300-foot  contour.  It  evidently  also  forms  part  of  Mount  Suess 
and  Gondola  Ridge. 

On  the  coast  Priestley  found  it  in  situ  at  the  western  end  of  Gregory  Island, 
and  as  erratics  at  Cape  Roberts  (2062),  on  the  blutf  between  Cape  Ross  and  Gregory 
Island  (2082,  2088),  and  at  Tripp  Island  (2080).  David  and  Priestley  have  also 
described  it  at  Cape  Irizar,  and  the  same  rock  probably  forms  Prior  Island.  The 
distribution  of  the  pink  granite  is  therefore  very  similar  to  that  of  the  grey  granite. 

All  the  specimens  of  this  granite  collected  by  Ferrar  have  been  carefully 
re-examined,  and  its  known  distribution  in  the  Ferrar  Glacier  region  is  as 
follows : — 

In  the  Kukri  Hills,  Hill  D,  at  the  western  end,  is  of  pink  granite,  and  there 
seems  no  doubt  that  the  wedge  of  granite  extending  from  half-way  up  D  to  the  top 
of  D2,  as  observed  by  Ferrar,  is  of  the  same  kind.  Debenham  collected  a  specimen 
(D28F)  above  the  dolerite  in  South  American  Glacier  on  Hill  D.  To  the  west,  it 
probably  forms  one  of  the  yellow  bands  seen  at  Solitary  Rocks,  and  it  was  found  as 
erratics  at  4,000  feet  on  the  side  of  Dry  Valley  below  Beacon  Heights(693).  To  the 
south,  at  Cathedral  Rocks,  it  is  found  in  the  screes,  but  it  is  not  known  at  what 
height  it  occurs,  and  Ferrar  believed  the  light  band  above  the  dolerite  to  consist 
entirely  of  sandstone.  Slightly  farther  to  the  east  it  was  found  at  G3I  (557,  558) 
\t  of  Descent  Pass,  Map  I],  and  at  [the  more  western  of  the  Granite  Knolls,  Map  I], 
both  at  about  3,500  feet.  A  specimen  (D3F)  was  collected  by  the  present  expedition 
in  the  talus  of  Double  Curtain  Glacier. 


*  Prior  (G.  T.),  Nat.  Ant.  Exp.,  1901-4,  Natural  History,  vol.  1  (1907),  p.  126. 
t  For  illustration  see  No.  3  of  this  report,  Fig.  5,  p.  68. 

I  Ferrar’s  localities  refer  to  the  map  of  the  district  near  the  “  Discovery  ”  Winter  Quarters,  1906, 
issued  with  Nat.  Ant.  Exp.,  1901-4,  Natural  Histoi-y,  vol.  1  (1907).  Localities  in  square  brackets  refer 
to  Mr.  Debenhani’s  map  of  the  Ferrar-Koettlitz  District,  Map  I,  issued  with  this  Number. 
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Such  exposures  as  there  are,  therefore,  indicate  that  the  pink  granite  occurs  as 
a  thin  sheet  usually  above  the  grey  granite.  At  its  best-known  exposures  in  the 
Kukri  Hills  it  is  separated  from  both  granite  and  overlying  sandstone  by  sills  of 
quartz-dolerite,  and  no  junction  of  the  two  granites  has  been  found  at  an  accessible 
exposure.  It  is  generally  accepted  that  the  pink  granite  is  the  newer,  and  some 
evidence  in  favour  of  this  was  given  in  the  opening  paragraph. 


Fig.  5. — Triangular  mass  of  the  pink  hornblendic  biotite-granite  enclosed  in  the  dolerite  sill. 
Point  D,  Kukri  Hills,  seen  from  the  south.  Sketched  by  Mr.  F.  Debeuham. 

Ferrar  believed  the  pink  granite  to  be  intrusive  into  the  quartz-dolerite  and 
therefore  later  than  the  Beacon  Sandstone.  The  geologists  of  the  Shackleton 
Expedition  (1907-9)  and  of  the  present  expedition  take  the  opposite  view.  Ferrar’s 
belief  was  based  on  two  facts :  the  occurrence  in  the  granite  of  black  patches  which 
he  believed  to  be  fragments  of  dolerite  ;  and  a  section  at  D  in  the  Kukri  Hills 
where  he  believed  the  granite  w'as  clearly  intrusive  into  the  dolerite. 

Ferrar,*  referring  to  his  section  at  the  w^estern  foot  of  D  in  the  Kukri  Hills  as 
seen  from  the  north  and  west,  describes  the  pink  granite  as  sending  tongues  into  the 
columnar  dolerite,  “  and  the  junction  of  the  two  was  seen  to  be  quite  irregular.” 
The  specimens  (699,  700)  here  referred  to  as  showing  the  irregular  junction  are  none 

*  Ferrar  (H.  T.),  Nat.  Ant.  Exp.,  1901-4,  Natural  History,  vol.  1  (1907),  p.  36. 
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other  than  the  included  black  patches  in  the  granite  which  G.  T.  Prior  *  described, 
and  which  he  thought  could  only  very  doubtfully  be  regarded  as  altered  dolerites. 
These  specimens  have  now  been  re-examined.  They  certainly  cannot  be  considered 
as  altered  fragments  of  dolerite,  but  seem  to  be  lamprophyric  segregations,  with 
many  features  in  common  with  the  included  patches  of  hornblende-lamprophyre  in 
the  porphyry  of  the  Devil’s  Punchbowl.  Clearly  they  cannot  be  regarded  as  evidence 
of  the  post-dolerite  intrusion  of  the  pink  hornblendic  granite. 

The  other  section  mentioned  by  Ferrar  as  visible  from  the  south  showed  three 
large  irregular  masses  of  light-coloured  rock  in  the  middle  of  a  mass  of  dolerite 
which  at  this  point  is  2,000  feet  thick.  Debenham  has  visited  this  section  and  finds 
the  triangular  masses  consist  of  pink  granite  apparently  entirely  surrounded  and 
hoisted  by  the  dolerite,  and  he  thinks  that  conclusive  evidence  of  the  later  intrusion 
of  the  dolerite  is  afforded  by  the  fact  that  the  columnar  structure  round  the  granite 
is  developed  with  the  columns  everywhere  at  right  angles  to  the  junction  surfaces 
(Fig.  5). 

It  seems  most  probable  then  that  the  pink  hornblendic  granite  is  earlier  than 
the  dolerite  and  earlier  than  the  Beacon  Sandstone,  and  it  would  be  difficult  indeed 
to  explain  its  occurrence  if  it  were  otherwise.  In  the  Ferrar  Glacier  region  it  appears 
to  have  been  intruded  between  the  top  of  the  grey  granite  laccolite  and  its  roof, 
forming  only  a  thin  sheet  in  the  Kukri  Hills.  Later  the  whole  composite  laccolite 
seems  to  have  been  eroded,  and  the  Beacon  Sandstone  has  been  deposited  on  its 
almost  horizontal  surface  at  about  3,000  feet  above  the  present  sea-level. 

The  subsequent  intrusion  of  quartz  dolerite  sills  seems  to  have  found  two  planes 
of  weakness  and  has  followed  both,  squeezing  in  between  the  grey  and  the  pink 
granite  as  a  lower  sill,  and  at  a  higher  level  between  the  pink  granite  and  the 
overlying  Beacon  Sandstone,  so  obliterating  every  natural  junction  of  these  rocks. 

Many  dikes  and  veins  of  pink  aplite  and  pegmatite  were  observed  cutting  the 
pink  granite  at  Cape  Geology,  Devil’s  Punchbowl,  Gondola  Bidge  (NE.  of  Mount 
Suess),  and  Bedcliffs.  They  vaiy  considerably  in  grain  from  about  0-8  mm.  to  2  or 
3  cm.,  being  usually  coarser  in  the  centres  of  the  dikes  and  finer  at  the  margins. 
They  consist  of  quartz  in  graphic  or  micrographic  intergrowth  with  flesh-coloured  or 
buff  orthoclase  and  white  albite-oligoclase,  with  many  long  (2  cm.)  narrow  blades 
of  drab-coloured  biotite.  Orthite  as  thin  prisms  (0-6  mm.  x  0-06  mm.)  is  a  rare  but 
constant  accessory.  One  of  the  finer  grained  types  with  porphyritic  oligoclase  was 
described  and  figured  by  Mawson.f  These  aplites  and  pegmatites  were  probably  almost 
contemporaneous  with  the  solidification  of  the  pink  granite. 


*  Prior  (G.  T.),  ibid.,  p.  128. 
t  Mawson  (D.),  loc.  cit.,  p.  219  and  PI.  Ill,  Fig.  9. 
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HYPABYSSAL  ROCKS. 

Dikes  from  this  region  have  been  described  previously  by  G.  T.  Prior,*  who  recorded 
camptonites,  kersantites,  and  a  banakite,  and  by  Sir  Douglas  Mawson,  f  who  described 
many  porphyries  which  had  not  been  recorded  in  Dr.  Prior’s  report.  Mr.  Debenham 
has  made  observations  on,  and  collected  specimens  of,  many  dikes  both  in  the  Ferrar 
Glacier  region  and  in  Granite  Harbour.  Their  relations  to  other  rocks  are  not 
always  clear,  but  they  are  sometimes  seen  to  cut  the  pink  granite,  as  for  example  at 
the  top  of  The  Flatiron  and  at  Devil’s  Punchbowl,  and  it  is  probable  that  all  the 
dike  rocks  described  here  followed  the  intrusion  of  the  pink  hornblendic  granite  and 
are  closely  associated  with  it.  They  are  all  definitely  later  than  the  grey  biotite- 
granite  of  Granite  Harbour.  In  no  case  are  they  known  to  cut  either  the  Beacon 
Sandstone  or  the  later  dolerite  sills.  Their  chemical  relations  to  the  granites  will  be 
dealt  with  when  similar  rocks  from  Terra  Nova  Bay  region  are  discussed  later  (p.  200). 
The  general  direction  of  all  these  dikes  is  NE.-SW.,  but  there  are  two  notable 
exceptions  which  will  be  mentioned  below. 

Porphyries. 

Of  the  porphyries  about  to  be  described,  four  were  collected  in  the  Ferrar 
Glacier  region,  and  the  remainder  in  Granite  Harbour,  where  they  were  found 
in  situ  at  the  spots  indicated  by  letters  on  the  maps  (Figs.  2,  3,  4,  and  6).  They 
all  appear  from  their  mineral  composition  to  belong  to  Bosenbusch’s  group  of 
“  granite-porphyry,”  that  is  to  say  they  approximate  in  composition  to  granites. 

Orthoclase  and  albite-oligoclase  appear  as  phenocrysts  in  every  case,  orthoclase 
being  dominant.  Quartz,  on  the  other  hand,  though  abundant  in  all  the  dikes, 
appears  as  phenocrysts  in  only  two  types.  These  two  will  be  spoken  of  as  quartz- 
orthoclase-porphyries,  the  other  types  being  described  as  orthoclase-porphyries  with 
abundant  quartz  in  the  ground-mass. 

) 

Quartz-orthoclase-porphyries. 

A  typical  quartz-orthoclase-porphyry  is  a  red  dike  (Dl2G,  DOIG)  exposed  at  C 
on  The  Flatiron.  J  It  runs  approximately  SW.-NE.  for  about  50  yards  and  appears 
again  400  yards  to  the  NE.  A  similar  rock  (D6lG)  cuts  the  pink  hornblendic 
biotite-granite  at  Bedcliffs  (Fig.  2).  In  these  rocks  the  phenocrysts  consist  of  coral- 
red  orthoclase  (4  mm.  long)  and  bi-pyramidal  quartz  (1—2  mm.  diam.),  wdth  a  few 
white  crystals  of  albite-oligoclase.  The  ground-mass  is  about  equal  to  the  phenocrysts 


*  Prior  (G.  T.),  Nat.  Ant.  Exp.,  1901-4,  Natural  History,  vol.  1  (1907),  pp.  129-133. 
t  Mawson  (D.),  Brit.  Ant.  Exp.,  1907-9,  Geology,  vol.  2  (1916),  p.  219,  PI.  Ill,  Fig.  9. 
I  Shown  in  Fig.  4  as  an  aplite  dike. 
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in  amount,  and  consists  of  quartz  and  orthoclase  with  very  little  olive  biotite,  some 
green  chlorite,  and  magnetite.  In  texture  it  is  microcrystalline  (0-04  mm.  grain), 
becoming  micrographic  in  some  specimens.  Orthite  occurs  as  an  accessory.  This 
rock  differs  from  all  the  other  porphyries  of  the  area  in  the  entire  absence  of 
hornblende.  An  analysis  of  this  rock  (Dl2G)  by  Mr.  E.  D.  Mountain  is  given  in 
Table  III,  column  1. 

The  calculated  norm  is  as  follows : — 
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In  the  C.  I.  W.  P.  classification  its  symbol  is  I.  4.  1.  3  (4).  Sub-rang  Liparose. 

Quartz-porphyries  described  by  W.  H.  Weed  and  L.  V.  Pirsson,  from  Castle 
Mountain  Mining  District,  Montana,*  fall  in  the  same  sub-rang,  but  contain  less 
SiOg  and  more  AlgOg  and  FegO;,. 

A  rhyolite  from  Rimini,  Butte  District,  Montana,!  has  a  closely  similar  chemical 
composition,  but  contains  1-4  per  cent,  less  Na20  and  nearly  1  per  cent,  more  K2O. 

Rocks  (2083,  2139)  closely  resembling  the  above,  but  with  a  drab  or  blackish 
brown  cryptocrystalline  ground-mass,  were  collected  as  erratics  by  Mr.  Priestley  on 
the  island  inshore  of  Depot  Island,  two  miles  north  of  Cape  Ross. 

The  other  quartz-orthoclase-porphyries  contain  slightly  less  quartz  than  the  rock 
just  described,  and  bottle-green  hornblende  appears  in  the  ground-mass  in  addition 
to  biotite.  Orthite  again  appears  as  an  accessory.  The  ground-mass  (0-05  mm. 
grain)  is  not  seen  to  develop  micrographic  intergrowths.  In  colour  these  rocks  differ 
very  markedly  from  the  red  dikes,  the  orthoclase  phenocrysts  being  salmon-buff  and 
the  ground-mass  smoke-grey  in  colour. 

Rocks  of  this  second  type  were  found  forming  two  widely  separated  dikes. 
One  (DlF)  in  the  hill  at  the  base  of  Dry  Valley  Glacier,  Ferrar  Glacier  region, 
forms  part  of  a  composite  dike  with  a  lamprophyric  rock  which  is  described  below. 
The  other  (D103G)  is  a  broad  dike,  in  places  10  or  20  yards  wide,  running  roughly 
east  and  west  along  nearly  the  whole  length  of  Devil’s  Thumb  ridge,  at  the  Devil’s 
Punchbowl  (Fig.  3). 

An  analysis  of  this  rock  from  near  its  contact  with  a  lamprophyre  dike  at  Z 
was  made  by  Mr.  J.  B.  Plattnauer,  whose  results  are  given  in  Table  III,  column  3. 

The  calculated  norm  is  as  follows  : — 
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*  Weed  (W.  H.)  and  Pirsson  (L.  V.),  U.S.  Geol.  Surv.  Bull.  139,  1896,  p.  99  and  p.  103. 
t  Clarke  (F.  W.),  U.S.  Geol.  Surv.  Bull.  168,  1900,  p.  119. 
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In  the  C.  1.  W.  P.  classification  it  falls  in  the  sub-rang  Toscanose,  I.  4.  2.  3., 
where  its  high  FeO  and  CaO  distinguish  it  from  most  of  the  other  rocks  in  the 
same  sub-rang.  Its  chemical  composition  is  quite  close  to  that  of  the  grey  granite 
of  Granite  Harbour,  quoted  again  for  comparison  in  Table  III,  column  4. 

At  Z  (Fig.  3)  this  quartz-porphyry  dike  is  cut  by  a  12-foot  dike  of  lamprophyre 
with  the  usual  SW.  to  NE.  trend.  The  relations  of  these  two  dikes  were  at  first 
somewhat  obscure,  as  the  quartz-porphyry  itself  in  its  coarse-grained  portions  is 
full  of  inclusions  of  hornblende-lamprophyre  similar  to  the  rock  forming  the  dike 
at  Z.  The  two  rocks  seem  to  be  very  intimately  associated.  The  dark  patches 
in  the  porphyry  frequently  contain  crystals  of  quartz,  orthoclase,  oligoclase,  and 
biotite,  which  are  sometimes  gathered  into  patches  several  centimetres  across. 
These  crystals,  averaging  2  mm.  in  diameter,  are  probably  derived  from  the  porphyry 
itself,  but  one  large  rounded  crystal  of  orthoclase,  3  cm.  long,  appears  similar  to 
those  seen  in  the  granites. 

Another  interesting  feature  of  this  quartz-porphyry  dike  is  the  way  it  shows 
marginal  modifications  in  which  the  ground-mass  becomes  darker  (drab),  almost 
cryptocrystalline  in  texture,  and  develops  micropoikllitic  growths  of  quartz. 

The  quartz  patches  here  referred  to  as  micropoikllitic  are  really  of  the  same 
nature  as  those  associated  with  certain  spherulitic  structures  and  described  by 
A.  Michel  Levy*  as  “structure  globulaire,”  “  spherolites  quartz  globulaire,” 
and  later  as  “  structure  spherolitique  avec  globules  impregnes  de  quartz  cristallise.” 
As  G.  H.  Williams  t  excluded  all  these  from  the  micropoikllitic  structures  because 
of  their  radial  arrangement,  perhaps  some  explanation  of  their  description  by  that 
term  is  necessary. 

The  ground-mass  of  the  fine-grained  margin  of  the  dike  Z  when  viewed  between 
crossed  nicols  is  seen  to  break  up  into  a  number  of  round  or  oval  spots,  about  3  mm. 
or  less  in  diameter,  generally  appearing  lighter  than  the  intervening  ground-mass, 
but  each  one  extinguishing  quite  sharply  in  a  definite  position.  Besides  the  round 
spots,  there  are  borders  of  exactly  the  same  kind  surrounding  partly  resorbed  quartz 
phenocrysts  and  extinguishing  in  the  same  position  as  their  nuclei.  These  borders 
are  all  of  the  same  thickness  (0-2  mm.).  Under  high  magnification,  the  patches  and 
borders  are  seen  to  consist  of  quartz  grown  outwards  from  a  quartz  nucleus,  in 
optical  continuity  with  this  and  enclosing  short  laths  (0-04  mm.  long)  of  orthoclase 
and  a  few  flakes  of  biotite,  without  any  regular  arrangement,  just  as  they  occur 
in  the  ground-mass  outside  these  patches.  They  have  all  the  characters  described 


*  Levy  (A.  Michel),  Divers  modes  de  structure  des  roches  eruptives.  Ann.  des  Mines,  1875, 
ser.  7,  vol.  8,  p.  376,  PI.  X,  Figs.  11,  12,  and  13.  Fouque  (F.)  and  Levy  (A.  Michel),  Mineralogie 
micrograijhique,  1879,  p.  89.  Levy  (A.  Michel),  Structures  et  classification  des  roches  eruptives, 
1889,  p.  21. 

t  Williams  (G.  H.),  On  the  use  of  the  terms  poikilitic  and  micropoikilitic  in  petrography. 
Journal  of  Geology,  1893,  vol.  1,  pp.  176-179. 
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by  A.  Michel  Levy  in  his  “  structure  globulaire,”  except  the  radial  arrangement 
which  has  been  insisted  on  as  an  essential,  and  which  caused  G.  H.  Williams  to 
differentiate  between  these  structures  and  his  micropoikilitic  structures  in  which 
the  included  minerals  “  have  no  regular  arrangement  in  respect  either  to  one 
another  or  to  their  host.”  The  question  arises  as  to  how  far  radial  arrangement 
is  always  associated  with  growths  of  quartz  in  the  ground-mass  in  this  way. 
A.  Michel  Levy  certainly  laid  stress  on  its  presence,  but  some  of  his  figures  show 
that  it  is  not  always  prominent.*  C.  Barrois  f  described  and  figured  a  “  porphyre 
globulaire”  in  which  there  was  no  trace  of  it,  and  G.  H.  Williams, J  describing 
a  similar  set  of  structures  on  a  much  smaller  scale  (0-04  mm.)  in  dikes  at  Tryberg 
in  Schwarzwald,  found  radial  structure  frequent,  but  not  always  clear  and  sometimes 
absent.  The  case  described  above  is  another  instance  of  the  complete  absence 
of  the  radial  arrangement. 

A.  Michel  Levy  was  the  first  to  give  the  explanation  of  the  growth  of  these 
patches  of  quartz.  Crystallization  begins  at  a  nucleus  of  quartz  and  proceeds 
outwards,  wrapping  round  any  previously  crystallized  minerals  and  developing 
micropoikilitic  structure.  Such  growth  in  all  probability  is  usually  subsequent 
to  the  development  of  any  spherulitic  structures  in  the  ground-mass.  The  frequent 
association  of  the  two  structures  is  probably  indicative  of  the  fact  that  certain 
conditions  of  composition  of  the  final  residuum  of  a  solidifying  acid  porphyry,  which 
at  one  stage  in  the  cooling  are  favourable  to  the  development  of  spherulites,  are 
also  favourable  at  a  slightly  later  stage  to  the  develo|)ment  of  micropoikilitic  quartz. 
The  development  of  the  two  structures  must  be  independent,  and  either  may  appear 
without  the  other.  There  seems,  therefore,  no  reason  for  barring  the  use  of  the 
term  micropoikilitic  for  the  growths  of  quartz  described  above  merely  because  it 
happens  frequently  that  they  have  developed  in  a  ground-mass  with  spherulitic 
structure. 


Orthoclase-porphyries. 

The  orthoclase-porphyries  with  abundant  quartz  in  the  ground-mass  vary 
slightly  in  texture  and  in  the  relative  .proportions  of  phenocrysts  to  ground-mass, 
but  are  singularly  uniform  in  mineral  composition.  The  phenocrysts  are  orthoclase, 
white  to  salmon-buff,  5  mm.  or  less  in  length,  with  oligoclase  smaller  and  always 
subordinate.  In  one  case  (D68G)  the  orthoclase  is  perthitic  and  in  places  shows 
faint  cross-hatching.  The  ground-mass  consists  of  quartz,  orthoclase,  and  oligoclase 
with  a  little  biotite  and  green  hornblende.  Orthite  is  a  constant  accessory. 

One  exceptional  dike  at  M  (Fig.  4)  on  The  Flatiron  (D3lG,  D98G)  is  a  pearl-grey 
rock  with  rather  ill- defined  phenocrysts.  The  ground-mass  consists  of  subhedral  crystals 

*  Levy  (A.  Michel),  Ann.  des  Mines,  1875,  ser.  7,  vol.  8,  PI.  X,  Fig.  13,  PI.  XI,  Fig.  2. 

t  Barrois  (C.),  Mem.  Soc.  Geol.  du  Nord,  1882,  vol.  2,  No.  1,  p.  115,  PI.  Ill,  Fig.  2. 

I  Williams  (G.  H.),  Neues  Jahrbuch,  Beil.Bd.  II,  1883,  pp.  605  et  seq.,  PI.  XII,  Figs.  3  and  4. 
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of  orthoclase  and  oligoclase,  about  1  mm.  long,  framed  in  patches  of  micrographic 
intergrowths  of  quartz  with  orthoclase,  flakes  of  biotite,  and  prisms  of  hornblende 
up  to  1  mm.  in  diameter.  There  are  a  few  phenocrysts  of  biotite  reaching  4  mm. 
in  diameter.  The  rock  might  perhaps  be  described  more  correctly  as  a  granojjliyre. 
Its  exceptionally  coarse-textured  ground-mass  is  undoubtedly  connected  with  the 
extraordinary  thickness  (150  feet)  of  the  dike,  which  is  further  unusual  in  that  it 
runs  north  and  south  and  is  itself  cut  by  dark  dikes  running  SW.  to  NE.,  the  normal 
trend  of  all  the  other  dikes  in  The  Flatiron. 

The  remaining  rocks  of  this  group  are  represented  by  four  dikes,  B  (D95G), 
D  (D99G),  E  (D68G),  and  H  (D53G),  all  on  The  Flatiron  (Fig.  4).  They  vary  in  colour 
from  light  mouse-grey  (with  phenocrysts  about  equal  in  amount  to  ground-mass), 
through  drab,  to  pale  chocolate.  Phenocrysts  are  always  less  than  5  mm.  (medio- 
phyric),  and  in  one  case  less  than  1  mm.  (minophyric).  Their  abundance  relative 
to  the  ground-mass  varies  from  sempatic  (about  equal  in  amount)  in  the  paler 
varieties  to  quite  rare  (perpatic)  in  the  darkest  rocks.  The  ground-mass  is  micro¬ 
crystalline  varying  in  grain  from  OT  mm.  to  0-02  mm.,  and  in  every  case  shows 
some  development  of  micrographic  patches  usually  framing  the  felspars.  The 
hornblende  and  biotite  are  usually  present  as  very  small  flakes,  but  show  a  marked 
tendency  to  form  aggregates  up  to  1  mm.  in  diameter,  often  with  grains  of  ilmenite 
and  sometimes  associated  with  sphene  and  zircon.  In  one  case  both  minerals  occur 
in  long  very  thin  wisps  crossing  the  ground-mass  in  all  directions,  a  habit  vhich  is 
associated  with  well-developed  micrographic  texture  of  the  quartz  and  orthoclase. 
Two  dikes  of  this  group  (D53G,  D58G)  show  black  or  slate-blue  margins  in  w’hich  the 
ground-mass  is  cryptocrystalline  and  is  crowded  wdth  very  small  (0-008-0  004  mm.) 
microliths  of  hornblende  and  flakes  of  biotite.  In  the  more  fine-grained  of  these  two 
(D58G)  the  hand-specimen  shows  flow-banding  quite  clearly. 

Sir  Douglas  Mawson  has  described  and  figured  *  a  black  porphyry  similar  to  one 
of  the  above,  8  miles  south  of  Cape  Irizar,  and  Mr.  Priestley  collected  another 
example  of  it  at  Tripp  Island  (2078). 

Three  specimens  collected  in  the  Dry  Valley  area  are  hornblende-  and  augite- 
bearing  orthoclase-porphyries  of  less  acid  character  than  those  described  above,  and 
oligoclase  is  more  abundant.  One  from  the  moraines  below  the  Piegel  (D7F)  and 
another  from  the  debris  below  Cheyenne  Crater  are  Identical  with  the  orthoclase- 
porphyry  figured  and  described  by  Mawson.f  The  third,  very  similar  in  composition, 
was  found  in  situ  at  the  toj)  of  the  hill  on  the  south  side  of  Suess  Glacier,  These 
contain  abundant  cream-coloured  or  pale  pink  orthoclase,  1-5  cm.  long,  and  smaller 
white  crystals  of  oligoclase  and  black  (y  olive-green)  hornblende  (up  to  7  mm. 
long)  evenly  distributed.  There  are  some  rare  phenocrysts  of  augite  almost  com- 


*  Mawson  (D.),  Brit.  Ant.  Exp.,  1907-9,  Geologj',  vol.  2  (1916),  p.  216,  PI.  II,  Fig.  4. 
t  Ihkl,  p.  217,  PI.  II,  Fig.  2. 
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pletely  uralitized.  Biotite  is  abundant  as  very  small  (0-5  mm.)  flakes.  The  ground- 
mass  is  less  abundant  than  the  phenocrysts  and  varies  from  drab-grey  to  olive-grey 
in  colour.  It  consists  of  quartz  and  orthoclase  with  hornblende  or  biotite  or  both, 
the  grain-size  varying  from  0-2  to  0-04  mm.  In  some  cases  the  quartz  is  in  micrographic 
intergrowth  with  orthoclase,  surrounding  small  crystals  of  the  latter  mineral. 

Several  fragments  of  a  light  neutral-grey  felsite  showing  a  few  small  pheno¬ 
crysts  of  felspar  were  collected  by  Priestley  from  the  island  next  to  Depot  Island. 
They  are  probably  similar  to  those  described  by  Mawson  * * * §  as  of  the  halleflinta  type 
and  as  comparable  to  the  pre-Cambrian  porphyries  of  South  Australia. 

Lamprophyres. 

These  are  fairly  widely  distributed  in  the  McMurdo  Sound  region,  and  some 
of  them  form  composite  dikes  with  the  quartz-orthoclase-porphyries  described  above. 
Camptonites  and  kersantites  have  been  described  already  by  Prior  f  and  Ma\\'Son.  | 


Hornblende-lamprophyres. 

One  type  different  from  any  described  hitherto  is  an  augite-hearing  vogesite 
(D26G),  found  in  the  debris  above  Cape  Geology.  It  is  very  fine-grained,  with 
smoke-grey  ground  in  which  patches  of  myrtle-green  are  evenly  distributed  at 
2-3  mm.  intervals.  It  consists  of  phenocrysts  of  colourless  augite  (y ;  c  =  4f°)  and 
patches  of  pale  green  serpentine  in  a  ground- mass  of  laths  of  felspar  and  idiomorphic 
brown  hornblendes  (OT  mm.  thick).  There  is  no  certain  indication  of  the  origin 
of  the  serpentine.  The  hornblende  gave  y  =  medal-bronze,  a  clay-colour, 
y  :  c  =  10°.  Part  at  any  rate  of  the  felspar  is  plagioclase,  but  orthoclase  is 
abundant  and  fills  the  interstices  between  the  plagioclase  laths. 

A  similar  rock  (D4F)  but  rather  altered  was  found  in  situ  at  Double  Curtain 
Glacier.  Both  rocks  compare  rather  closely  with  the  augite-vogesite  of  Mitters- 
hausen  in  Hesse. 

Bocks  similar  to  all  the  types  described  by  Prior  as  camptonites  are  represented 
in  the  collection.  One  very  similar  to  his  figured  specimen  §  (839)  was  found  as  an 
erratic  at  Tripp  Island,  the  specimen  showing  it  to  be  in  contact  with  a  green, 
very  felspathic  grit  or  tuff  of  doubtful  origin  and  age.  Another  (D20G)  from 
Cuff  Cape  is  a  very  fine-grained  camptonite  similar  to  Prior’s  498.  It  consists  of 
small  brown  prisms  of  hornblende  (1-2  mm.  x  0T5  mm.),  sometimes  with  skeletal 
development,  in  a  fine-grained  (0-02  mm.)  dense  ground-mass  of  plagioclase  and 

*  Mawson  (D.),  Brit.  Ant.  Exp.,  1907-9,  Geology,  vol.  2  (1916),  p.  217. 

t  Prior  (G.  T.),  Nat.  Ant.  Exp.,  1901-4,  Natural  History,  vol.  1  (1907),  pp.  129-181. 

t  Mawson  (D.),  loc.  cit.,  pp.  220-222. 

§  Prior  (G.  T.),  loc.  cit.,  PI.  IX,  Fig.  5. 
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brown  hornblende.  The  pleochroism  of  the  hornblende  is  y  Dresden-brown,  a  light 
buff  to  very  pale  yellow.  A  biotite-rich  type  is  a  fine-grained  blackish  slate-coloured 
rock  forming  a  dike  near  Cape  Geology. 

Most  of  the  other  specimens  are  similar  to  Prior’s  second  type.*  One  of  them 
(D103G)  cutting  the  big  quartz-porphyry  dike  at  Z,  Devil’s  Punchbowl  (Fig.  3),  is 
a  very  fine-grained,  dull  greenish-black  rock,  and  consists  of  idiomorphic,  long,  brown 
hornblendes  (0-02  mm.  thick)  and  some  irregular  patches  of  pale  uralitic  hornblende, 
in  a  ground-mass  of  lath-shaped  crystals  of  felspar,  mostly  oligoclase  (0-04  mm.  thick), 
and  a  little  quartz.  The  hornblendes  are  very  numerous  and  occupy  about  50  per 
cent,  of  the  rock.  The  crystals  gave  y :  c  =  14°  ;  pleochroism  a  pale  orange-yellow, 
/S  Brussels-brown,  y  deep  Brussels-brown. 

Other  specimens  of  the  same  type  were  found  at  the  west  end  of  Gregory  Island 
(2092,  2096),  and  in  the  talus  on  the  north  side  of  the  lakes  below  Suess  Glacier, 
Dry  Valley  (Dl3F).  Some  of  them  contain  a  little  biotite. 

An  analysis  by  Mr.  J.  B.  Plattnauer  of  the  dike  Z,  made  on  material  taken  near 
the  contact,  is  given  in  Table  III,  column  8.  As  far  as  any  judgement  can  be  based 
on  the  few  published  analyses  of  hornblende-lamprophyres,  the  composition  of  this 
one  is  nearer  to  that  of  the  siiessartites  than  to  the  camptonites,  most  of  the  latter 
containing  less  Si02  and  usually  higher  CaO  and  alkalies.  The  calculated  norm  is  : — • 
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and  the  rock  falls  in  the  sub-rang  Camptonose,  III.  5.  3.  4.,  which  includes  many 
analyses  of  basalt  and  “diabase,”  but  curiously  enough  no  analysis  of  a  camptonite  is 
found  in  it  among  the  superior  analyses. 

In  the  presence  of  so  much  water  in  the  rock  analysed,  its  calculated  position  in 
the  C.  I.  W.  P.  classification  may  be  abnormal.  Certainly  when  its  composition  is 
compared  with  those  of  the  other  analysed  dike  rocks  whose  analyses  are  plotted 
in  Fig.  9,  it  is  seen  that  this  rock  (D103G)  occupies  a  very  abnormal  position,  having 
a  remarkably  high  content  of  magnesia  and  unusually  low  alumina  and  alkalies. 

In  these  hornblende-lamprophyres  abundant  xenocrysts  give  rise  to  patches 
of  rock  of  quite  peculiar  composition.  It  appears  from  an  examination  of  the  specimen 
(720)  referred  by  Dr.  Prior  f  to  banakite  that  it  is  actually  a  hornblende-lamprophyre 
with  abundant  xenocrysts.  His  specimen  (714),  which  he  analysed  (Table  III, 
column  9)  and  described  as  banakite,  is  a  rock  of  entirely  different  character,  but  this 
too  has  a  composition  which  is  abnormal  when  compared  with  the  other  dike  rocks 
of  the  district  (Fig.  9). 

What  aj^pears  to  be  a  new  type  comes  from  one  of  the  dikes  (D20G)  at  the 

*  Prior  (G.  T.),  loc.  cit.,  p.  129. 
t  Ibid.,  p.  131. 
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eastern  end  of  Cuff  Cape,  where  glacial  striae  on  the  outcrop  of  the  dikes  are 
indicated  on  the  map  (Fig.  6).  This  is  a  compact  aphanitic  rock,  blackish-slate  in 
colour.  With  a  lens,  very  small  needles  of  hornblende,  1-2  mm.  long,  can  be  seen 
evenly  distributed  through  the  rock.  Under  the  microscope  it  is  seen  to  consist  of 
rather  abundant  small  phenocrysts  of  brown  hornblende  and  very  few  micropheno- 
crysts  of  andesine,  in  a  very  fine-grained  ground-mass  (0-006  mm.)  of  plagioclase 
(andesine),  brown  hornblende,  and  biotite.  The  texture  of  the  ground-mass  is 
panidiomorphic-granular  (Fig.  7),  with  rather  marked  parallel  arrangement  of  the 
constituents. 
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Fig.  6. — Cuff  Cape,  Granite  Hai-bour.  From  the  plane-table  survey  by  Mr.  F.  Debenham. 


The  plagioclase  of  the  microphenocrysts  was  determined  as  andesine  (Ab54  An^^). 
The  hornblende  is  in  long  thin  prisms,  0- 1-0-2  mm.  thick,  and  the  ends  of  the  prisms 
are  often  hollow  (skeletal  development)  ;  c  :  y  =  14|°  ;  pleochroism  y  =  /3  tawny- 
olive,  a  light  bulF  with  sometimes  green  shades  on  the  outer  margins.  In  the 
ground-mass  the  hornblende  is  in  very  minute  prisms,  and  there  are  very  abundant 
minute  fiakes  of  brown  biotite.  It  is  very  difficult  to  distinguish  the  biotite  from  the 
hornblende,  on  account  both  of  the  similarity  in  pleochroism  and  of  the  extremely 
small  size  of  the  flakes,  but  biotite  appears  to  be  the  main  dark  constituent  of  the 
ground-mass.  The  felspar  in  the  ground-mass  could  not  be  determined  with 
certainty,  but  much  of  it  appears  to  consist  of  minute  laths  of  plagioclase.  No 
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orthoclase  was  detected.  Small  patches  of  free  quartz  were  observed,  but  it  is 
possible  that  their  introduction  is  due  to  secondary  causes. 

Two  analyses  of  the  rock  were  made  by  Mr.  E.  D.  Mountain,  and  the  mean  of 
his  results  are  given  in  Table  III,  column  5.  The  rock  falls  on  the  boundary  between 
the  sub-rangs  Shoshonose  and  Andose  II.  5  3.  (3)  4.  in  the  C.  I.  M  .  P.  classification 
with  the  following  norm  ;  — 


Fig.  7. — Hornblende-lamprophyre  (Cuff  Cape  type),  east  end  of  Cuff  Cape,  Granite  Harbour  (D  20  G). 
Photomicrographs  of  thin  sections  taken  in  two  planes  at  right  angles  to  one  another.  Hagnitica- 
tion  30  diameters. 


No  close  comparisons  can  be  made  with  published  analyses,  and  it  does  not 
appear  that  any  similar  rocks  have  been  described.  Its  character  is  that  of  the 
lainprophyric  rocks,  and  although  few  of  these  contain  as  much  as  59  per  cent.  SiOo,  the 
new  type  may  provisionally  be  described  as  liornhlende-lampropliyre  (Cuff  Cape  type). 


Mica-lamprophyres. 

A'liyife-hiotite-lcrsnnfite  closely  related  to  the  rocks  described  by  Prior  *  and 
]\lawson  f  is  found  forming  a  composite  dike  (DlF)  with  the  quartz-orthoclase- 
porphyry  in  the  basalt-capped  hill  at  the  base  of  Dry  Valley  Glacier,  Ferrar  Glacier 
region.  The  porphyry  dike  is  flanked  on  both  sides  by  the  kersantite,  and  there  seems 
to  be  some  symmetrical  variation  in  the  character  of  the  lamprophyre  from  the  centre 


* 


Piior(G.  T.),  loc.  cit.,  p.  130. 


t  Mawson  (D.),  loc.  cit,  pp.  220,  221. 
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outwards,  but  tlie  specimens  collected  do  not  allow  of  any  details  being  made  out. 
The  colour  of  the  lamprophyre  varies  from  speckled  olive-grey  to  almost  black,  or  red 
when  weathered.  The  rocks  consist  of  very  small  phenocrysts  (  <  5  mm.)  of  oligoclase- 
andesine,  augite,  and  biotite,  in  a  ground-mass  of  laths  of  oligoclase,  orthoclase,  biotite 
(and  chlorite)  with  quartz.  The  ferro-magnesian  constituents  are  more  abundant  in 
the  darker  varieties,  and  this  is  probably  accompanied  by  increasing  content  of 
plagioclase.  The  augite  is  nearly  colourless  or  very  pale  buff  and  is  always  bordered 
by  pale  green  urahte. 

As  in  the  case  of  the  quartz-porphyry  dike  at  the  Devil’s  Punchbowl,  so  here 
the  porphyry  contains  dark  inclusions  which  on  examination  prove  to  be  patches  of 
the  kersantite,  rather  fine-grained  but  closely  similar  to  the  lamprophyre  in  the 
dike  itself. 

Compared  with  the  type  analysed  by  Prior,  this  dike  has  apparently  a  higher 
content  of  quartz.  In  many  respects  it  is  comparable  with  the  “  kersantite-quartzifere 
recente  compacte  ”  from  Asturias  described  and  figured  by  C.  Barrois,*  rocks  which 
Bosenbusch  has  classed  with  his  “  Dioritporphyrit.” 

The  rocks  collected  by  Ferrar  from  G4  and  Cg  (Granite  Knolls)  in  the  Ferrar 
Glacier  region,  and  described  by  Prior  under  the  heading  of  banakite,  seem  to  be 
altered  examples  of  the  type  just  described  in  which  all  the  biotite  has  altered  to 
chlorite.  These  rocks  were  intrusive  in  the  crystalline  limestone  at  G4  and  in  the 
grey  granite  at  e^. 

Other  augite-biotite-kersantites,  quite  devoid  of  phenocrysts  and  corresponding 
still  more  closely  than  the  above  to  Prior’s  type  (579),  form  dikes  on  The  Flatiron 
(D105G  and  D40G),  at  Cape  Geology  (D27G),  at  Discovery  Bluff  (D75G),  and  half¬ 
way  up  the  slope  of  Cuff  Cape  (DG4G).  The  plagioclase  laths  give  symmetrical 
extinctions  uj)  to  25°  corresponding  to  andesine  (Ab,.  Aiijg).  Augite  gives  pleochroism 
a  =  y  pale  greyish  vinaceous,  pale  olive-buff,  c\y  =  36°.  The  grain-size  is 
about  1  mm.  and  the  texture  in  places  becomes  doleritic.  Occasionally  there  are 
small  interstitial  patches  of  micrographic  intergrowths  of  quartz  and  orthoclase.  The 
18-inch  dike  at  Cuff  Cape  (D64G)  contains  included  fragments  of  biotite-granite  and 
of  limestone,  the  latter  itself  probably  derived  from  one  of  the  inclusions  in  the  grey 
granite.  The  inclusions  of  granite  are  partially  absorbed. 


Porphyrites. 

Various  basic  dikes  having  small  phenocrysts  (0-8  mm.)  of  andesine-labradorite 
and  augite  in  a  ground-mass  (0 •02-004  mm.  grain)  of  plagioclase  (oligoclase)  and 
biotite  with  a  little  magnetite,  though  slightly  more  basic,  are  no  doubt  closely  allied 
to  the  augite-biotite-kersantites  described  above.  Rocks  of  this  kind  are  in  situ  at 


*  Barrois  (C.),  Mem.  Soc.  Geol.  du  Noi'd,  1882,  vol.  2,  p.  148,  PI.  I,  Fig.  1. 
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Gondola  Ridge  (D72G),  a  dike  on  The  Flatiron  {D49G),  and  dikes  at  CufF  Cape 
(D34G)  near  the  eastern  end  showing  ice-worn  surfaces  (Fig.  6). 

A  hiotite-iJorphyrite  (D28G)  presenting  more  distinctive  characters  is  from  the 
“twin  diorite  dikes”  at  the  east  end  of  Cuff  Cape.  This  is  almost  black,  with 
scattered  white  or  pale  pea-green  phenocrysts  (4-5  mm.  long)  of  andesine-labradorite, 
brown  biotite  (1-2  mm.),  and  a  few  of  colourless  augite,  in  a  ground-mass  (grain 
0-04  mm.)  of  laths  of  felspar,  shreds  of  brown  biotite,  green  hornblende,  and  some 
quartz.  The  ground-mass  is  abundant  (dopatic).  Orthoclase  is  abundant  and 


Eig.  8. — Biotite-porphyrite  (D28G)  dike,  east  end  of  Cuff  Cape,  Granite  Harbour, 

McMurdo  Sound.  Magnification  15  diameters. 

clearly-twinned  felspar  in  the  ground-mass  is  not  conspicuous.  The  most  striking 
feature  about  the  ground-mass  is  the  wisp-like  appearance  of  the  hornblende  and 
biotite,  like  crystallites  in  a  glass  (Fig.  8).  The  biotite  in  these  rocks  gives 
pleochroism  /3  =  y  sepia,  a  pale  primrose-yellow  :  it  is  particularly  full  of  inclu¬ 
sions  of  magnetite  arranged  parallel  to  the  cleavage  planes.  The  colourless  augite 
has  always  a  green  uralitized  border,  and  some  patches  of  hornblende  and  biotite 
are  believed  to  be  pseudomorphs  after  augite.  A  quite  similar  rock  (D39G)  forms 
another  dike  on  The  Flatiron.  This  contains  a  few  phenocrysts  of  hornblende  as 
well  as  biotite,  and  also  shows  many  rounded  crystals  of  quartz  and  felspar  which 
have  the  appearance  of  xenocrysts.  The  quartzes  are  sometimes  surrounded  by  little 
patches  of  micrographic  intergrowths  of  quartz  and  orthoclase. 

Another  dike  rock  from  Cuff  Cape  (D73G)  is  probably  allied  to  the  above,  but  is 
entirely  free  from  phenocrysts  and  consists  of  laths  of  plagioclase  with  orthoclase  and 
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some  quartz,  and  minute  flakes  of  hornblende  and  biotite,  the  grain  averaging 
0-04  mm.,  and  the  colourless  constituents  forming  about  85  per  cent,  of  the  rock. 


TABLE  III. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

SiO^ 

75-45 

71-87 

69-62 

6833 

58-93 

53-06 

50-71 

49-58 

48-22 

AlA 

12-53 

15-16 

14-80 

16-56 

18-16 

18-65 

17-08 

13-58 

18-47 

Fe^Oj 

045 

0-62 

0-84 

0-34 

0-64 

1-44 

1-38 

3-93 

6-28 

FeO 

1-67 

2-10 

3-02 

2-82 

5-18 

7-58 

8-71 

8-28 

3-90 

MgO 

0-14 

0-29 

0-89 

0-61 

2-92 

3-78 

3-63 

7-54 

2-07 

CaO 

0-70 

0-84 

3-14 

3-43 

6-14 

8-22 

5-75 

6-10 

6-02 

Na.,0 

4-43 

3-88 

3-19 

3-85 

3-42 

3-20 

3-82 

3-22 

4-94 

K,0 

4-12 

4-72 

4-21 

3-56 

2-74 

1-55 

3-63 

1-25 

3-47 

H,0  + 

0-29 

0-35 

0-23 

0-38 

0-56 

0-94 

1-75 

4-05* 

4-12* 

H,0  - 

0-17 

0-15 

0-09 

0-04 

0-10 

0-16 

0-16 

1-09 

0-44 

TiO, 

0-37 

0-25 

0-45 

0-29 

1-25 

1-60 

2-71 

0-60 

2-09 

P.0, 

— 

tr. 

tr. 

0-23 

— 

0-38 

0-57 

0-54 

0-88 

MnO 

— 

0-04 

tr. 

tr. 

0-07 

0-05 

0-09 

0-41 

0-10 

100-32 

100-27 

100-48 

10044 

100-11 

100-61 

99-99 

100-17 

100-00 

1.  D12G.  Quartz-orthoclase-porphyry,  Dike  C,  The  Flath’on,  Granite  Harbour.  Anal.  E.  D. 

Mountain. 

2.  Hornblendic  biotite-granite.  Cape  Irizar,  South  Victoria  Land.  Anal.  A.  B,  Walkom  (Brit.  Ant. 

Exp.,  1907-9,  Geology,  vol.  2  (1916),  p.  211). 

1/  3.  D103G.  Quartz-orthoclase-porphyry,  dike,  Devil’s  Punchbowl,  Granite  Harbour.  Anal. 
J.  B.  Plattnauer. 

4.  D9G.  Grey  biotite-granite  (Hornblende-free  granodiorite),  Granite  Harbour.  Anal.  E.  D. 

Mountain. 

5.  D20G.  Hornblende-lamprophyre  (Cuff  Cape  type),  dike,  eastern  end  Cuff  Cape,  Granite  Har¬ 

bour.  Anal.  E.  D.  Mountain. 

6.  715.  Basic  diorite.  Cathedral  Rocks,  Ferrar  Glacier  region.  Anal.  G.  T.  Prior  (Nat.  Ant.  Exp., 

1901-4,  Natural  History,  vol.  1  (1907),  p.  127). 

7.  579.  Augite-biotite-kersantite,  G,,  Ferrar  Glacier  region.  Anal.  G.  T.  Prior  (Nat.  Ant.  Exp., 

1901-4,  Natural  History,  vol.  1  (1907),  p.  130). 

8.  D103G.  Hornblende-lamprophyre  (Spessartite),  Dike  Z,  Cuff  Cape,  Granite  Harbour.  Anal. 

J.  B.  Plattnauer.  *  HjO-t-  includes  0-22  %  CO^. 

9.  Banakite,  Gj,  Ferrar  Glacier  region.  Anal.  G.  T.  Prior  (?oc.  cit.,  supra,  p.  132).  ^HjO  + 

includes  1’23  %  CO^-f  loss. 
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Quartz-dolerites. 

In  Number  4  of  this  report,* * * §  which  deals  with  the  sedimentary  rocks  of  South 
Victoria  Land,  frequent  references  were  made  to  the  dolerite  sills  intrusive  into  the 
Beacon  Sandstone  which  are  known  to  occur  over  an  enormous  extent  of  the  Antarctic 
continent  from  Adelie  Land,  lat.  58°  S.,  long.  150°  E.,  to  the  Beardmore  Glacier, 
lat.  85°  S.  These  rocks  are  quartz-dolerites,  frequently  enstatite-bearing.  They  have 
been  fully  described  by  G.  T.  Prior,  f  W.  N.  Benson,  J  and  more  recently  by 
W.  B.  Browne,^  and  there  is  nothing  fresh  to  add  to  the  observations  of  those 
authors.  Debenham  collected  specimens  from  sills  in  situ  at  two  localities  in  the 
Ferrar  Glacier  region,  viz.  D6F  beneath  basalt  in  a  hill  at  the  base  of  Dry  Valley 
Glacier,  and  D29F  below  pink  granite  in  South  American  Glacier  below  Hill  D  : 
in  both  places  the  olivine-bearing  type  described  by  Prior  was  present,  as  well  as  the 
more  normal  enstatite-bearing  quartz-dolerite  of  the  Knob  Head  type.  In  Granite 
Harbour,  specimens  (D69G,  D106G)  were  collected  on  Mount  Suess  and  Gondola 
Bidge,  in  situ  at  both  places,  and  also  as  erratics  (D80G,  D93G,  D108G).  Priestley 
found  them  as  erratics  (2044,  2071,  2093,  2094,  2098)  at  Gregory  Island,  Tripp 
Island,  and  Marble  Point.  Some  of  the  specimens  (D108G)  from  the  Gondola 
moraine  show  on  weathered  surfaces  very  beautiful  stellate  groups  of  the  curiously 
elongated  pyroxene  crystals  mentioned  by  W.  B.  Browne. ||  Some  of  these  pyroxenes 
are  inches  long. 

Prior  and  Benson  have  pointed  out  the  close  similarity  between  these  quartz- 
dolerites  and  widespread  intrusions  of  late  Mesozoic  and  probably  Cretaceous  age  in 
Natal,**  Brazil,  British  Guiana,  and  particularly  in  Tasmania.fi  The  resemblance 
with  the  Tasmanian  dolerites  is  so  close  that  Benson  suggested  a  similar,  Cretaceous, 
age  for  the  dolerites  of  South  Victoria  Land.  The  only  facts  bearing  upon  their  age 
which  have  been  obtained  hitherto  from  field  evidence  are  that  the  dolerites  are  later 
than  the  Beacon  Sandstone,  i.  e.  post-Gondwana,  and  earlier  than  the  recent  volcanics. 


*  For  figures  showing  dolerite  sills  see  this  report.  No.  4,  Figs.  1,  2,  5,  6,  7. 

+  Prior  (G.  T.),  Nat.  Ant.  Exp.,  1901-4,  Natural  History,  vol.  1  (1907),  pp.  136-139. 

I  Benson  (W.  N.),  Brit.  Ant.  Exp.,  1907-9,  Geology,  vol.  2  (1916),  pp.  153-160. 

§  Browne  (W.  R.),  Australasian  Ant.  Exp.,  1911-14,  Sci.  Rep.,  sex*.  A,  vol.  3,  Geology,  part  3 
(1923),  pp.  245-258. 

■  11  Ibid.,  p.  251. 

**  Prior  (G.  T.),  Ann.  Natal  Museum,  1910,  vol.  2,  part  2,  p.  151. 
tt  Benson  (W.  N.),  loc.  cit.,  pp.  159-160. 
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THE  TERRA  NOVA  BAY  REGION.* 

Our  knowledge  of  the  nature  of  the  plutonic  and  hypabyssal  rocks  of  the  Terra 
Nova  Bay  region  is  derived  from  specimens  collected  in  three  areas,  each  of  which 
seems  to  contain  a  slightly  different  assemblage  of  rocks.  These  three  sources  of 
information  are  : 

1.  Erratics  collected  on  Evans  Coves  Beach. 

2.  Rocks  found  in  situ  in  the  northern  half  of  Inexpressible  Island,  in  Vegetation 
Island,  and  in  the  Northern  Foothills,  atid  the  erratics  of  Hell’s  Gate  moraine. 

3.  Rocks,  chiefly  erratics,  collected  in  the  moraines  of  the  Boomerang,  Campbell, 
Corner,  and  Priestley  Glaciers.  (See  Map  II  in  folder.) 


ERRATICS  FROM  EVANS  COVES  BEACH. 

Among  the  erratics  from  Evans  Coves  Beach  are  several  types  of  rocks  similar 
to  those  described  from  Granite  Harbour.  They  are  not  represented  among  the 
rocks  found  north  of  Inexpressible  Island  (except  by  a  single  boulder  from  the 
Northern  Foothills),  and  it  is  probable  that  they  are  derived  from  the  Mount  Larsen 
area  or  from  the  foothills  between  Reeves  Glacier  and  Priestley  Glacier.  Somewhere  in 
this  area  there  must  be  an  Intrusive  mass  of  granite  similar  to  and  possibly  a  con¬ 
tinuation  of  the  Granite  Harbour  intrusion. 


Granites  and  associated  dike  rocks. 

Mawson  f  has  already  described  the  grey  biotite-granite  of  Mount  Larsen,  and 
Edgeworth  David  J  has  described  a  grey  granite,  probably  the  same  as  that  of 
Mount  Larsen,  forming  Mounts  Gerlache  and  Crummer.  This  granite  differs  from 
the  Granite  Harbour  type  in  the  almost  total  absence  of  orthoclase,  but  in  other 
respects  the  two  seem  closely  similar,  and  it  is  significant  that  at  Evans  Coves 
we  find  erratics  which  seem  to  belong  to  both  types.  Various  specimens  (1317, 
1468,  1473,  1535)  were  found  which  seem  to  correspond  exactly  with  Mawson’s 
description  of  the  Mount  Larsen  type,  and  one  erratic  from  the  Northern  Foothills 
(1426)  presents  the  same  characters  and  contains  numerous  inclusions  of  biotite-schist. 
In  these  rocks  orthoclase  is  remarkably  rare.  Several  other  erratics  (1346,  2023) 


*  Based  on  the  specimens  collected  and  field-notes  supplied  by  Mr.  R.  E.  Priestley,  geologist  on 
the  Expedition. 

t  Mawson  (D.),  Brit.  Ant.  Exp.,  1907-9,  Geology,  vol.  2  (1916),  p.  212. 

I  David  (T.  W.  E.)  and  Priestley  (R.  E.),  ibid.,  vol.  1  (1914),  p.  48. 
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correspond  exactly  with  the  Granite  Harbour  type  as  described  above  and  contain 
pale  pink  ortboclase  pbenocrysts  4  cm,  long.  One  of  these  was  collected  from  a 
moraine  which  reaches  the  sea  about  17  miles  south  of  Evans  Coves,  and  it  probably 
had  been  carried  from  the  Larsen-Crummer  massif  between  the  Reeves  and  Priestley 
Glaciers.  Like  the  Granite  Harbour  rocks  they  show  well-developed  mortar- 
structure.  The  pink  hornblendic  biotite-granite  (Cape  Irizar  type)  was  not  found. 

Dike  rocks  which  are  comparable  with  those  found  intrusive  in  the  biotite- 
granites  in  Granite  Harbour  are  not  numerously  represented.  A  pink  millimetre¬ 
grained  aplite,  consisting  mainly  of  albite-oligoclase  and  quartz,  with  very  little 
ortboclase  and  a  little  biotite  and  sphene,  is  probably  connected  with  these  granites. 
A  few  specimens  of  coarse  pegmatite  occur,  and  in  one  case  a  pegmatite  vein  is  seen 
intruding  a  granite  (foliated)  of  Mount  Larsen  type  (1473). 

Of  the  more  basic  dikes,  two  specimens  (1518,1883)  are  augite-h earing  vogesites, 
having  a  fine-grained  ground-mass  and  containing  a  rather  pale-coloured  hornblende 
{p  gold-yellow,  a  cream-buff)  but  in  other  respects  similar  to  the  vogesite  from  Cape 
Geology  (p.  191).  Three  other  aphanitic  dull  green  rocks  (1519,  1539,  1882)  with 
indefinite  pale  patches  have  been  referred  to  spessartite.  These  consist  of  numerous 
slender  prisms  (0-06  mm.  across)  of  rather  pale  brown  hornblende  with  a  little 
magnetite,  in  a  ground-mass  of  felspar,  most  of  which  is  plagioclase.  Some  quartz  is 
jDresent.  They  are  much  less  melanocratic  than  the  camptonites,  but  they  ai'e  much 
altered  and  contain  a  good  deal  of  epidote  and  other  secondary  products. 

From  the  general  character  of  these  erratics  and  of  the  granite  and  dike  rocks 
described  by  Mawson  from  this  area,  it  seems  fairly  certain  that  in  the  neighbourhood 
of  Mount  Larsen  there  is  a  recurrence  of  the  igneous  complex  of  pre-Beacon  Sandstone 
age  which  is  found  in  Granite  Harbour  and  the  Ferrar  Glacier  region.  Mav'son  *  has 
published  a  number  of  analyses  by  Mr.  A.  B.  Walkom  of  the  rocks  from  Mount 
Larsen,  and  these  are  shown  in  Table  IV  together  with  three  analyses  of  rocks  from 
Cape  Irizar  on  the  coast  about  50  miles  to  the  south. 

The  analyses  are  too  few  to  enable  a  reliable  variation-diagram  to  be  constructed, 
but,  to  facilitate  the  comparison  of  the  rocks  of  Terra  Nova  Bay  region  with  those  of 
McMurdo  Sound,  the  percentages  of  the  principal  oxides  have  been  plotted  against 
silica  percentages  (Fig.  9).  The  analysis  of  the  Mount  Larsen  granite  shows  low 
KgO  and  high  FeO  compared  with  the  quartz-porphyry  from  Granite  Harbour  of 
almost  the  same  silica  percentage.  The  other  analyses  form  a  fairly  continuous  series, 
with  the  exception  of  the  hornblende-lamprophyre  (D103G)  and  the  banakite  at  the 
basic  end  of  the  series  (see  p.  192).  The  Cape  Irizar  granite  shows  a  rather  high 
content  of  total  alkalies,  and  the  granite-porphyry  of  Cape  Irizar  shows  high  Na^O 
and  low  K^O,  but  its  percentage  of  total  alkalies  is  almost  exactly  that  of  the  Mount 
Larsen  quartz-porphyry.  Unfortunately  no  analysis  of  the  pink  hornblendic  biotite- 


*  Brit.  Ant.  Exp.,  1907-9,  Geology,  vol.  2  (1916),  pp.  209-227. 
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granite  of  Granite  Harbour  is  available,  so  that  the  identity  of  this  rock  with  that  of 
Cape  Irizar  cannot  be  finally  proved,  though  from  Mawson’s  description  of  his  rock 
this  identity  seems  extremely  probable. 


Fig.  9. — Variation-diagram  of  some  of  the  granites  and  dike  rocks  of  South  Victoria  Land. 
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TABLE  IV. 


1. 

2. 

3. 

4. 

_ 

o. 

6. 

7, 

SiO, 

73-64 

73-55 

71-87 

69-85 

54-27 

51-91 

51-35 

AbOj 

13-93 

13-70 

15-16 

15-35 

19-23 

20-75 

18-90 

Fe^Oj 

0-90 

0-24 

0-62 

0-40 

0-73 

1-08 

2-03 

FeO 

1-40 

2-36 

2-10 

3-88 

8-29 

7-32 

7-87 

MgO 

0-30 

0-26 

0-29 

0-52 

3-74 

3-05 

3-30 

CaO 

0-96 

0-92 

0-84 

2-94 

6-41 

7-07 

8-81 

NajO 

5-17 

3-59 

3-88 

3-13 

3-05 

3-04 

3-73 

K^O 

2-73 

4-46 

4-72 

2-87 

2-49 

2-44 

1-48 

H^O-h 

0-47 

0-36* 

0-35 

0-24* 

0-77* 

0-58 

0-97 

H,0- 

0-16 

0-08 

0-15 

0-03 

0-18 

0-04 

0-09 

TiO, 

0-33 

0-21 

0-25 

0-36 

1-33 

2-34 

0-79 

— 

— 

tr. 

0-50 

— 

0-52 

0-57 

MnO 

tr. 

0-05 

0-04 

0-06 

— 

— 

o 

o 

— 

0-04 

0-09 

0-01 

0-05 

0-11 

0-01 

99-99 

99-82 

100-36 

100-14 

100-54 

100-25 

99-90 

1.  Aplitic  granite-porphyry,  Cape  Irizar  (I.  4.  2.  4). 

2.  Quartz-porphyry,  near  Mt.  Larsen  (I."  4.  (1)  2.  3). 

3.  Hornblende-biotite-granite,  Cape  Irizar  (I.  4.  1.  3). 

4.  Biotite-granite,  Mt.  Larsen  (I.  4.  3.  3). 

5.  Kersantite,  Cape  Irizar  (11.  5.  3".  (3)  4). 

6.  Sphene-biotite-hornblende-diorite,  near  Mt.  Larsen  (II.  5.  3  (4).  (3)  4). 

7.  Biotite-hornblende-diorite,  near  Mt.  Larsen  (II.  5.  3".  4). 


Enstatite-peridotite. 

Two  boulders  (1406,  1415)  from  the  Northern  Foothills,  dull  greenish-black  rocks 
with  large  plates  of  hornblende  and  biotite,  prove  to  be  an  enstatite-2)eridotite  rather 
lesembling  the  rocks  described  as  “  harzburgite  ”  by  G.  P.  Merrill  *  from  Montana 
and  by  Whitman  Cross  f  from  Custer  Co.,  Colorado. 


*  Merrill  (G.  P.),  Proc.  U.S.  Nat.  Mus.,  1895,  vol.  17,  p.  655. 
t  Cross  (C.  W.),  Proc.  Colorado  Sci.  Soc.,  1887,  vol.  2,  p.  240. 
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The  main  constituents  are  olivine  and  enstatite  in  grains  1-2  mm.  diam.,  but 
both  brown  hornblende  and  amber-brown  biotite  are  present  in  large  flakes  up  to 
2  cm.  across.  Labradorite  is  present  in  small  amount  either  enclosed  by  the  enstatite 
or  as  interstitial  grains.  The  only  accessory  constituents  are  magnetite  and  apatite, 
both  rather  scarce.  The  enstatite  is  pleochroic  from  very  pale  buff-pink  to  faint 
green  :  its  amount  in  relation  to  the  olivine  varies  considerably  in  different  sections. 
The  hornblende  of  the  large  crystals  is  brown  (a  tawny,  y  ochraceous-tawny)  and  gives 
an  extinction  angle  of  20°.  At  the  edges  of  the  large  crystals  it  often  shades  off  to 
a  pale  pea-green  colour,  and  in  other  parts  of  the  section  there  is  much  hornblende, 
sometimes  surrounding  enstatite,  and  varying  in  colour  from  dark  bluish-glaucous  to 
pea-green.  The  biotite  when  unaltered  is  amber-brown  in  thin  section  but  it  too  is 
seen  to  pass  into  a  pale  green  variety.  This  enstatite-peridotite  is  of  particular 
interest  as  it  is  the  only  ultra-basic  eruptive  rock  recorded  from  South  Victoria  Land. 
The  other  rocks  from  Evans  Coves  are  such  as  are  found  either  in  situ  near  the  coast 
or  in  the  moraines  of  the  glaciers  to  the  north. 


ROCKS  FOUND  IN  SITU  NEAR  EVANS  COVES,  AND  ERRATICS  FROM 

HELL’S  GATE  MORAINE. 

The  Northern  Foothills,  Vegetation  Island,  and  the  northern  half  of  Inexpressible 
Island  consist  of  a  mass  of  granitic  rocks  apparently  intrusive  into,  and  inter¬ 
penetrating  in  a  most  complicated  manner,  fine-grained  rocks  of  dioritic  composition 
and  doubtful  origin.  In  many  places  there  are  definite  intrusions,  dikes  and  veins,  of 
acid  in  the  more  basic  rocks.  Elsewhere  the  granites  predominate  but  are  full  of 
numerous  inclusions  of  the  dioritic  rocks,  and  often  there  is  an  appearance  in  such 
places  as  of  basic  intrusions  in  the  granite  mass.  Frequent  inclusion  of  masses  of 
metamorphic  gneisses  and  schists  by  some  of  the  granites  adds  still  further  to  the 
perplexing  character  of  the  rocks  exposed  in  this  area. 

The  general  appearance  of  these  rocks  in  the  field  is  well  described  in  the 
following  extract  from  Mr.  Priestley’s  field-notes  taken  at  the  time  : — 

“  The  rock  consists  of  a  grey  granite  with  veins,  inclusions,  and  large  masses  of 
a  more  basic  rock.  This  rock  is  so  fine-grained  that  it  weathers  first  to  a  shale  and 
then  to  a  fine  dust,  while  the  granite  weathers  by  a  shelling  process  which  results  in 
the  formation,  first  of  a  nucleus  of  rock  more  or  less  spherical  in  shape,  according  as 
the  jointing  is  cubical  or  rectangular,  and  finally  to  a  coarse  arkose-grit.” 

“  The  principal  contrast  of  weathering  is  seen  where  the  veins  and  irregular 
masses  of  fine-grained  rock  occur.  As  these  disintegrate  much  more  rapidly  than  the 
granite  they  produce  depressions  in  the  general  level  which — in  the  case  of  veins 
occurring  on  the  side  of  a  hill — resemble  well-made  roads.  Everywhere  else  the  rock 
has  the  characteristic  boulder-strewn  appearance  of  a  typical  granite  country,  except 
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where  the  less  common  aplitic  veins  stand  out  like  the  corded  veins  of  a  flexed 
human  arm.” 

“  Where  the  larger  masses  of  basic  rocks  impinge  on  the  granite  the  two  rocks 
are  so  veined  and  included  in  each  other  that  it  is  sometimes  diflicult  to  realize  that 
one  is  not  dealing  with  a  complex  of  schists  and  gneisses.” 

“  Pegmatite  veins  are  common  and  these,  weathering  quickly,  give  rise  to  streams 
of  quartz  fragments  which  at  first  sight  were  very  puzzling,  giving  the  impression 
that  erratics  occurred  right  up  to  the  top  of  the  hills.  I  was,  however,  later  able  to 
see  distinctly  how  these  streams  were  formed  and  should  be  inclined  to  attribute 
similar  streams  of  blackish  and  greenish,  fine-grained,  rounded,  and  sub-angular 
fragments  to  the  occurrence  of  similar  quick-weathering  of  basic  veins.  Inclusions  of 
many  varieties  of  schists  and  gneisses  are  common.  Amongst  these  was  a  coarse 
biotite-rock  occurring  as  a  circular  inclusion  some  20  to  30  yards  in  diameter.” 

Diorite  [Northern  Foothills  Type]. 

The  dark  dioritic  rocks  of  this  complex  are  represented  by  numerous  specimens 
from  the  whole  of  the  area  now'  being  considered.  The  majority  of  these  are  compact, 
aphanitic,  dark  purplish-grey  rocks  wuth  small  lustrous  patches  of  hornblende.  In 
very  many  of  the  hand-specimens  there  are  veinlets  of  pegmatite,  aplite,  or  micro¬ 
granites  penetrating  the  dark  rock,  and  several  fine  specimens  from  Hell’s  Gate 
moraine  show  the  dioritic  rock  so  intimately  permeated  by  microgranite  that  the 
whole  presents  the  appearance  of  a  very  coarse  breccia  (Fig.  10).  Slightly  less 
abundant  are  specimens  of  fine-grained  speckled  rocks  in  w'hich  white  felspar,  flakes 
of  dark  brown  biotite,  and  sometimes  hornblende  are  clearly  distinguishable  in  the 
hand-specimens.  These  too  are  seen  to  be  penetrated  by  pegmatitic  veins.  Both 
these  types  have  the  mineralogical  composition  of  hiotite-diorites  with  small  amounts 
of  free  quartz  and  containing  variable  quantities  of  hornblende,  and  all  are 
characterized  by  an  exceptional  abundance  of  colourless  sphene  usually  closely 
associated  w'ith  magnetite  (or  ilmenite).  The  aphanitic  rocks,  averaging  0-2  mm.  in 
grain,  consist  of  short  laths  of  oligoclase  wuth  very  abundant  browui  biotite  in  small 
flakes,  varying  amounts  of  pale  green  hornblende  (pistachio-green),  quartz,  and  very 
scarce  orthoclase.  Crystals  of  orthite  are  seen  in  some  sections.  Sphene  and  a  black 
iron  oxide,  some  pyrrhotite,  and  small  apatite  needles  are  all  very  abundant.  The 
sphene  is  colourless  and  occurs  sometimes  in  small  irregular  grains  or  strings  of 
grains  but  very  frequently  it  forms  colourless  mantles  to  grains  or  rods  of  the  iron 
oxide  which  are  themselves  enclosed  in  the  biotite  flakes  (Fig.  11). 

The  speckled  rocks  of  coarser  grain  (1  to  2  mm.)  seem  to  have  the  same  mineral 
composition  as  the  aphanitic  rocks.  All  the  constituents  mentioned  above  are 
present.  The  grain-size  varies  from  1  to  2  mm.,  wuth  occasional  crystals  of  biotite  or 
felspar  reaching  5  mm.  in  diameter.  Some  of  the  larger  oligoclase  crystals  contain 
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Fig.  10. — Diorite  intruded  by  microgranite.  Erratic  (1967)  from  Hell’s  Gate  moraine, 

Terra  Nova  Bay  region. 


Fig.  11. — Biotite-diorite  (1967),  Hell's  Gate  moraine.  Terra  Nova  Bay  region. 
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zones  of  small  flakes  of  biotite,  and  show  rather  rounded  outlines  which  may  be 
indicative  of  resorption.  The  biotite  (hazel  to  maize-yellow)  is  very  fresh  and  well- 
developed,  and  its  inclusions  of  grains  of  iron  oxide  with  their  mantles  of  quite 
colourless  sphene  are  very  conspicuous.  Small  needles  of  apatite  are  very  abundant 
and  are  found  penetrating  all  the  principal  constituents.  The  hornblende  is  very 
variable  in  amount  and  irregular  in  distribution  :  in  one  specimen  (1590)  the  quantity 
present  is  very  small  indeed.  It  occurs  either  as  aggregates  of  small  prisms  or  as 
irregular  crystals,  and  is  nearly  always  closely  associated  with  the  biotite  by  which  it 
is  sometimes  partially  enclosed  :  in  such  cases  grains  of  quartz  separate  the  hornblende 
and  biotite.  It  has  very  much  the  appearance  of  being  a  product  of  secondary 
crystallization.  Its  pleochroism  is :  a  olive-buff,  (3  asphodel-green,  y  pistachio-green, 
c  :  y  =  15°. 

An  analysis  of  a  typical  specimen  of  the  fine-grained  variety  from  Hell’s  Gate 
moraine  (1967)  has  been  made  by  Mr.  E.  D.  Mountain,  whose  results  are  given  in 
Table  V,  column  1,  where  they  are  compared  with  the  analysis  of  a  quartz-augite- 
diorite  dike  in  gneiss,  east  of  Lampersdorf,  Silesia.  * 

In  the  C. I.W.P.  classification  the  rock  falls  in  the  sub-rang  Andose  'TI.  5.  3."1, 
the  calculated  norm  and  an  approximate  estimate  of  the  mode  being  as  follows  : — 


Norm.  Approximate  Mode. 
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Prior’s  “  diorite  ”  from  Cathedral  Ptocks  and  Mawson’s  sphene-bearing  diorites 
from  Mount  Larsen  fall  in  the  same  sub-rang  but  are  all  much  poorer  in  Si02. 
Compared  with  the  rocks  of  about  the  same  silica-content  in  the  Mount  Larsen-Granite 
Harbour  series,  this  diorite  is  markedly  poor  in  magnesia  and  alumina  and  richer 
in  lime. 

The  name  biotite-diorite,  which  is  here  applied  to  these  rocks,  seems  fairly 
to  indicate  their  mineral  and  chemical  composition,  but  little  light  has  been 
thrown  on  their  history.  It  seems  quite  possible  that  they  may  belong  to  the 
same  set  of  intrusions  as  the  dark  dioritic  rocks  which  Edgeworth  David  f  observed, 
penetrated  by  a  greyish  granite  at  the  southern  slope  of  Mount  Crummer,  representa¬ 
tives  of  which  were  described  by  Mawson.  | 

Some  of  the  characters  of  the  diorites  of  the  Northern  Foothills,  notably  the 


*  Diithe  (E.),  Jalirb.  K.  Pr.  geol.  Landesanst.  fiir  1886,  1887,  p.  331. 

t  David  (T.  W.  E  )  and  Priestley  (R.  E.),  Brit.  Ant.  Exp.,  1907-9,  Geology,  vol.  1  (1914), 
p.  245. 

t  Mawson  (D.),  Brit.  Ant.  Exp.,  1907-9,  Geology,  vol.  2  (1916),  pp.  224-225. 


PLUTONIC  AND  HYPABYSSAL  EOCKS  OF  SOUTH  VICTOEIA  LAND. 


207 


TABLE  V. 


1. 

2. 

3. 

4. 

5. 

6. 
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1.  1967.  Biotite-diorite,  erratic  from  Hell’s  Gate  moraine,  Terra  Nova  Bay  region,  South  Victoria 

Land.  Anal.  E.  D.  Mountain. 

2.  Quartz-augite-diorite,  dike  in  gneiss,  East  of  Lampersdorf,  Silesia.  Anal.  W.  Hampe  [Dathe(E.). 

Jahrb.  K.  Pr.  geol.  Landesanst.  fiir  1886,  1887,  p.  331]. 

3.  1967.  Biotite-microgranite,  intrusive  in  biotite-diorite,  erratic  from  Hell’s  Gate  moraine,  Terra 

Nova  Bay  region,  South  Victoria  Land.  Anal.  J.  B.  Plattnauer. 

4.  Typical  ‘Tingha’  gianite,  Tingha,  New  South  Wales.  Anal.  W.  A.  Greig  [Came  (J.  E.), 

N.S.W.  Dept,  of  Mines,  Min.  Kes.,  No.  14,  1911,  p.  64]. 

5.  Medium-textured  medium-grey  biotite-granite,  Petersburg,  Dinwiddie  Co.,  Virginia,  U.S.A. 

Anal.  W.  M.  Thornton  [Watson  (T.  L.),  U.S.  Geol.  Surv.  Bull.  426,  1910,  p.  72]. 

6.  Fine-grained  dark  blue-grey  biotite-granite,  near  Kichmond,  Virginia,  U.S.A.  Ibid. 
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abundance  of  sphene  and  its  habit  and  mode  of  occurrence,  recall  features  shown 
by  some  of  the  so-called  “  basic  patches  ”  of  certain  well-known  British  granites,  and 
rather  close  comparisons  can  be  made  with  some  of  the  fine-grained  patches  in 
the  Newry  granite  in  Castlewellan  quarry,  Co.  Down.  Mawson  *  considered  that 
the  features  exhibited  by  the  diorites  from  the  Mount  Larsen  area  were  suggestive  of 
lamprophyric  segregations. 

In  the  Northern  Foothills,  however,  the  diorites  occur  on  such  a  scale  that  it  is 
difficult  to  think  of  them  as  segregations,  and  it  seems  probable  that  the  characters 
which  have  suggested  their  origin  as  such  are  contact  metamorphic  phenomena  induced 
by  the  granite  which  invades  them  and  seems  to  permeate  their  whole  mass.  It  is, 
however,  interesting  to  note  that  segregations  of  dioritic  rocks  on  a  very  large  scale 
have  been  described  in  some  granites  from  northern  New  South  W  ales  (see  p.  209). 


Biotite-granite  [Northern  Foothills  type]. 

The  rocks  which  intrude  these  dioritic  rocks  are  biotite-granites,  poor  in  biotite, 
varying  in  grain  from  a  porphyritic  variety  with  white  felspar  phenocrysts  a  centi¬ 
metre  long,  through  even-grained  varieties,  to  a  fine-grained  microgranite  at  actual 
contacts  with  the  dioritic  rocks.  Many  of  the  granites  are  stained  pink,  and  in  some 
the  quartz  crystals  are  coloured  deep-red  (neutral  red),  and  so  give  the  rock  a  rather 
unusual  appearance.  The  microgranite  is  pale  grey. 

These  granites  and  microgranites  are  represented  by  twenty-four  specimens  showing 
many  variations  in  grain  and  various  degrees  of  admixture  with  the  dioritic  rocks. 
They  seem  to  be  uniformly  distributed  and  it  is  not  possible  to  show  that  any  particular 
variety  is  limited  to  any  one  of  the  localities.  Porphyritic  types  appear  at  Vegetation 
Island  (1598)  and  Northern  Foothills  (1411)  ;  even-grained  rocks  (2  mm.  grain)  seem 
to  be  well  represented  both  at  Vegetation  Island  (1001)  and  at  Inexpressible  Island 
(1878)  ;  and  the  pale  grey  microgranite  is  most  abundant  at  Hell’s  Gate  moraine,  where 
very  fine  large  specimens,  showing  the  brecciation  and  intrusion  of  the  dioritic  rocks, 
were  collected. 

Mineralogically,  all  these  specimens  appear  to  belong  to  one  intrusion  of  biotite- 
granite.  They  are  characterized  by  an  abundance  of  microcline,  vliereby  they  are 
sharply  distinguished  from  the  Granite  Harbour  and  Mount  Larsen  types  described 
above. 

The  porjihyritic  variety  contains  white  phenocrysts  of  microcline,  1  cm.  long  by 
0-4  cm.  wude,  about  equal  in  volume  to  the  ground-mass,  which  is  equigranular,  about 
2  mm.  in  average  grain-size,  and  consists  of  quartz,  albite-oligoclase,  and  biotite.  The 
biotite  is  not  very  abundant ;  in  different  specimens  its  colour  by  transmitted  light 
varies  from  dark  olive  to  chestnut- browm  :  alteration  to  chlorite  was  observed  in 


*  Mawson  (D.),  Brit.  Ant.  Exp.,  1907-9,  Geology,  vol.  2  (1916),  p.  226. 
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several  sections.  The  accessory  constituents  include  sphene,  zircon,  orthite,  magnetite, 
and  apatite.  Sphene  is  the  most  characteristic  of  all  these,  and  is  j^resent  in  nearly 
every  slide  examined.  It  is  quite  easily  observable  in  many  of  the  hand-specimens 
under  a  lens  as  honey-yellow  crystals  up  to  1  mm.  long  and  usually  closely  associated 
with  the  biotite.  In  thin  section  it  is  a  pale  pinkish-cinnamon  in  colour.  It  often 
contains  small  inclusions  of  maefnetite  or  ilmenite.  Orthite  occurs  in  two  of  the  slides 
(1598  and  1411),  and  is  there  seen  as  good  idiomorphic  crystals  0-8  mm.  long  :  in  one 
slide  they  are  surrounded  by  colourless  epidote.  Zircon  and  apatite,  and  sometimes 
magnetite,  all  occur  as  inclusions  in  the  biotite,  the  first  being  present  in  every  slide, 
often  in  well-formed  crystals. 

The  non-porphyritic  granite  has  an  average  grain-size  of  about  2  mm.  Its 
constitution  is  precisely  similar  to  that  of  the  porphyritic  rock  described  above,  except 
that  no  orthite  has  been  seen  in  any  of  the  sections. 

The  pale  grey  microgranite  differs  only  in  texture  from  the  granites.  It  is 
a  millimetre-grained  rock  containing  a  few  small  phenocrysts,  up  to  2  mm.  long, 
of  albite-oligoclase,  in  a  ground-mass  of  quartz  and  microcline  with  very  small  flakes 
of  dark  olive  biotite.  Sphene  is  present  in  every  section  examined.  Orthite  was  only 
found  in  a  specimen  (1594)  from  Vegetation  Is.,  which  showed  the  red-stained  quartz 
grains  already  mentioned  as  of  frequent  occurrence  in  the  orthite-bearing  granites 
of  the  area. 

A  sample  of  this  microgranite  intrusive  in  the  diorite  in  an  erratic  (1967)  from 
Hell’s  Gate  moraine  was  carefully  freed  from  included  patches  and  specks  of  diorite, 
and  an  analysis  was  made  by  Mr.  J.  B.  Plattnauer  whose  results  are  given  in  Table  V, 
column  3.  This  falls  in  the  sub-rang  Toscanose,  I.  4.  2.  3,  the  calculated  norm 
being  : — 
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Compared  with  the  pink  granite  of  Cape  Irizar,  it  contains  less  AI2O3  but  more 
Fe203,  and  is  lower  in  FeO  and  richer  in  CaO.  The  percentages  of  Si02  and  alkalies 
present  in  the  two  rocks  are  remarkably  close. 

The  sub-rang  Toscanose  contains  analyses  of  several  granites  which  come  very 
close  to  the  Northern  Foothills  type,  and  three  of  these  are  quoted  in  columns  4,  5, 
and  6  of  Table  V. 

The  comparison  with  the  “  Tingha”  granite  of  the  New  South  Wales  tin-fields  is 
very  interesting,  as  there  is  much  in  common  between  the  igneous  rocks  of  South 
Victoria  Land  and  those  described  by  E.  C.  Andrews  *  from  northern  New  England. 

Thus,  in  New  South  Wales  there  is  a  series  of  granite  intrusions  of  two  or  three 


* 


Andrews  (E.  C.).  Rec.  Geol.  Surv.  N.S.W.,  1905,  vol.  8,  p.  114. 
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different  types  intruded  in  Permo-carboniferous  rocks  along  a  roughly  north  and  south 
line  for  about  100  miles.  In  the  north  of  the  area  there  is  a  sphene-granite-porphyry 
with  a  remarkable  development  of  basic  segregations  of  dioritic  rocks  “  at  times 
of  such  an  extent  as  to  suggest  .  .  .  the  presence  of  totally  differing  rock -types,”  and 
offering  many  points  of  resemblance  with  the  dark  dioritic  rocks  of  the  Northern 
Foothills  just  described. 

Wherever  collected  the  microgranite  was  full  of  the  fragments  of  dioritic  rocks 
which  it  had  intruded  and  brecciated.  Very  occasionally  it  contains  round  white 
patches  of  coarse-grained  granite.  The  explanation  of  such  patches  is  possibly 
indicated  by  a  specimen  (1471)  of  a  fine-grained  gi-anite  in  contact  with  the  dioritic 
rock.  For  several  millimetres  from  the  contact  the  granite  becomes  noticeably  coarse 
in  grain,  and  the  dark  minerals,  if  not  less  abundant,  are,  at  any  rate,  less  uniformly 
distributed  than  in  the  fine-grained  gi’anite  away  from  the  contact.  Such  coarse¬ 
grained  patches,  formed  on  the  walls  of  the  intrusion  or  surrounding  included  masses, 
might  be  torn  away  and  carried  along  as  the  intrusion  proceeded,  their  angles  and 
edges  being  rounded  by  partial  re-solution  in  the  magma. 

The  specimen  just  mentioned  as  showing  this  contact  effect  on  the  texture  has 
also  characters  indicating  that  the  granite  undergoes  some  change  in  constitution  at 
its  contact  with  the  dioritic  rocks.  At  8  or  10  cm.  from  the  contact  it  is  a  fine-grained 
biotite  granite,  but  within  a  centimetre  of  the  junction  where  the  grain  becomes  coarser 
it  is  found  that  stumpy  prisms,  0-3  mm.  thick,  of  bottle-green  hornblende  are  well- 
developed  and  are  often  closely  associated  with  the  biotite.  Microcline  is  still  the 
predominant  felspar  in  this  contact-granite :  the  plagioclase  is  oligoclase  giving 
an  extinction  angle  of  7°. 


Hornblendic  Biotite-granite. 

Hornblende,  closely  associated  with  the  biotite,  is  found  in  a  very  striking  pale 
cream-coloured  granite  from  Hell’s  Gate  moraine.  The  rock  is  spotted  with  black 
patches,  half  a  centimetre  across,  which  consist  of  very  dark  biotite  often  associated 
with  very  dark  green  hornblende  in  crystals  up  to  a  millimetre  in  length.  The  pleo- 
chroism  of  these  minerals  is  :  biotite,  a  mustard-yellow,  /?  =  y  olivaceous-black  ;  horn¬ 
blende,  a  =  /3  ivy-green,  y  =  dull  blackish-green. 

The  ground-mass  consists  of  quartz  and  felspar  with  microcline  clearly  predominant 
over  albite-oligoclase.  There  are  a  few  subhedral  Carlsbad  twins  of  microcline, 
0-5-1  cm.  long,  but  the  average  grain-size  is  between  2  and  3  mm.  Neither  apatite 
nor  sphene  was  observed  in  this  rock,  but  orthite  is  remarkably  abundant,  especially 
as  inclusions  in  the  large  biotite  flakes.  One  flake  of  biotite  contains  as  many  as  ten 
crystals  of  orthite  about  0-1  mm.  long.  Magnetite  and  zircon  both  occur  as  inclusions 
in  the  biotite.  Small  crystals  of  zircon  are  also  enclosed  by  the  orthite. 
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It  is  not  known  whether  this  rock  is  really  associated  with  the  other  biotite- 
granites  of  the  neighbourhood  as  it  is  only  represented  by  three  erratics  from 
one  moraine. 


Aplites  and  Pegmatites. 

Aplites,  rich  in  microcline  and  sometimes  containing  garnet,  are  represented  by 
a  number  of  specimens.  In  one  from  Inexpressible  Island  (1869)  the  red  garnets 
reach  as  much  as  a  centimetre  in  diameter,  and  muscovite  is  present  as  well  as  biotite. 

A  pale  grey  aplite,  sometimes  containing  very  small  pink  garnets,  is  represented 
by  about  a  dozen  specimens  mostly  from  the  Northern  Foothills.  The  quartz  in  this 
rock  forms  graphic  intergrowths  with  the  felspar.  Some  specimens  (1470)  show  more 
coarse-grained  veins,  which  also  contain  garnet  and  muscovite  and  must  be  very 
similar  to  the  erratic  (No.  566)  from  Cape  Royds  described  by  W.  G.  Woolnough  *  as 
pegmatite,  and  also  to  the  garnetiferous  aplite  found  as  a  boulder  at  Cape  Adare  by 
Borchgrevink  and  described  by  Prior,  f 

A  single  specimen  of  tourmaline-bearing  aplite  was  collected  in  the  Northern 
Foothills  (1405).  Its  relations  to  the  other  rocks  are  not  known,  but  it  is  mentioned 
here  on  account  of  the  exceptional  character  of  the  tourmaline.  It  is  a  very  fine¬ 
grained  (0-5  mm.)  rock,  pale  buff  in  colour,  with  minute  black  prisms  of  tourmaline, 
up  to  2  mm.  long  and  about  0-2  mm.  thick,  scattered  through  it.  In  thin  section  the 
tourmalines  appear  a  most  beautiful  blue  colour  with  pleochroism  :  a  pale  lilac, 
y  dark  dull  violet-blue.  The  rock  consists  of  quartz,  microcline,  and  albite-oligoclase, 
with  very  small  plates  of  muscovite  and  no  biotite. 

Pegmatites,  except  as  veins  in  the  aplites,  are  represented  by  only  one  specimen 
intrusive  in  dioritic  rocks  at  Inexpressible  Island  and  by  a  few  fragments  of  pegmatite 
or  clear  crystalline  quartz  from  Evans  Coves  or  Vegetation  Island. 


ROCKS,  CHIEFLY  ERRATICS,  FROM  THE  BOOMERANG,  CAMPBELL, 
CORNER,  AND  PRIESTLEY  GLACIERS. 

Granites,  aplites,  pegmatites,  and  diorites  are  all  represented  in  the  erratics  from 
the  moraines  of  the  four  glaciers  to  the  north  of  Evans  Coves,  and  they  afford  some 
indication  of  the  northward  extension  of  the  plutonic  complex  Mhich  has  just 
been  described. 

There  seems  to  be  an  extension  of  the  granites  and  diorites  of  the  Northern 
Foothills  across  the  Campbell  Glacier,  at  least  as  far  as  the  second  bend  of  the 

*  Woolnough  (W.  G.),  Brit.  Ant.  Exp.,  1907-9,  Geology,  vol.  2  (1916),  p.  169. 
t  Prior  (G.  T.),  Report  on  the  Collections  of  Natural  History  made  in  the  Antarctic  Regions 
during  the  voyage  of  the  “Southern  Cross  ”,  London,  1902,  p.  323. 
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Boomerang  Glacier  reached  by  Priestley,  Abbot,  and  Browning  on  January  20th,  1912, 
and  Priestley  believes  the  ridge  above  the  Campbell  Glacier  is  also  of  granite. 

The  specimens  collected  in  situ  here  were  an  even-grained  (5  mm.)  biotite- 
microcline-granite  (1898)  and  three  specimens  of  dioritic  rocks  clearly  related  to  the 
dioritic  rocks  of  Northern  Foothills. 

Several  more  specimens  of  dioritic  rocks  were  collected  from  the  Boomerang- 
Campbell  moraine  (1280,  1291),  and  from  round  the  nunatak  of  schLst  and  gneiss  at 
the  entrance  to  Boomerang  Glacier. 

Some  of  these  rocks  differ  from  the  diorites  described  from  the  Northern  Foothills 
as  they  are  richer  in  hornblende  and  much  poorer  in  biotite  and  quartz,  and  the  felspar 
seems  to  be  more  basic  (Abj  Aiq)  than  in  the  diorites  from  the  other  localities.  Most  of 
the  rocks  are  even-grained  (2  mm.),  but  some  contain  coarser  patches  in  which  the  biotite 
and  felspar  are  very  conspicuous,  and  apatite,  always  an  abundant  accessory,  occasion¬ 
ally  forms  prisms  1  mm.  across  and  several  millimetres  long.  Another  marked 
difference  between  these  rocks  and  those  of  the  Northern  Foothills  is  the  abundance 
of  magnetite  and  almost  complete  absence  of  sphene.  The  hornblende  in  one  specimen 
(1G28)  shows  very  abundant  “  schiller  ”  inclusions.  Three  rocks  (1773,  1776,  1780), 
basic  diorites,  from  the  west  moraine  of  the  Campbell  Glacier  below  its  junction  with 
the  Boomerang  Glacier  are  probably  related  to  these  last,  but  are  still  richer  in 
ferro-magnesian  constituents  and  contain  very  little  felspar  (near  Ab^  ^i^i)-  There  may 
be  some  connexion  between  these  rather  basic  diorites  and  the  enstatite-peridotite 
erratic  described  above  (p.  202). 

Other  rocks  from  the  Boomerang-Campbell  moraine  are  aplites  and  pegmatites 
similar  to  some  described  from  the  Northern  Foothills,  but  there  are  also  specimens  of 
biotite-granite  of  rather  a  different  type. 

In  No.  5  of  this  report  *  a  detailed  description  was  given  of  a  porphyritic  biotite- 
gneiss  of  igneous  origin  and  intrusivm  in  the  metamorphic  schists  and  gneisses.  Bepre- 
sentatives  of  this  rock  appeared  in  every  moraine  from  Hell’s  Gate  to  Priestley 
Glacier,  and  it  was  evident  that  the  intrusion  occupied  a  large  area  between  Boomerang- 
Glacier  and  Priestley  Glacier. 

A  muscovite-bearing  biotite-granite  from  the  outer  moraine  of  the  Priestley' 
Glacier  appears  to  be  different  from  the  other  granites  already  described.  It  varies 
considerably  in  grain  and  texture.  In  a  porphyritic  specimen  (1821,  1693)  there  are 
buft-})ink  phenocrysts  of  orthoclase  (2  cm.  x  0-5  cm.)  set  in  a  light  buff  ground-mass 
of  quartz,  albite-oligoclase,  and  microcline,  with  biotite  and  muscovite.  The  biotite 
gives  pleochroism  ^  =  y  chestnut,  a  light  buff.  It  contains  numerous  inclusions  of 
zircon  (?)  surrounded  by  very  dark  and  sharply-defined  haloes. 

The  conspicuous  pinkness  of  the  felspars  is  no  more  a  constant  character  here 
than  it  is  in  the  case  of  the  Granite  Harbour  type.  In  other  specimens  which  do  not 


*  This  report.  No.  5  a,  p.  150. 
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show  such  marked  porphyritic  habit  the  pink  colour  is  quite  absent,  and  the  resultant 
rock  is  a  medium-grained  white  granite  with  crystals  of  microcline,  up  to  1  cm. 
in  length,  and  many  flakes  of  dark  biotite,  in  a  quartz-felspar  ground-mass  with  a  little 
muscovite  (1613). 

Some  of  the  specimens  of  this  granite  contain  thin  cracks  and  veins  filled  with 
brick-red  stilbite  resembling  in  colour  the  well-known  crystals  from  Old  Kilpatrick 
Hills,  Dumbartonshire. 

Two  finer-grained  (2  mm.)  white  granites  (1800,  1805)  from  the  same  moraine 
seem  to  belong  to  this  type,  and  with  it  are  associated  some  pale  grey  aplites  and  some 
specimens  of  white  fine-grained  pegmatitic  veins  carrying  long  slender  prisms  of 
tourmaline. 

Very  similar  indeed  to  the  muscovite-bearing  granite  just  described  are  rocks 
collected  at  Cape  Sastrugi  (1677,  1681),  some  of  which  carry  tourmaline  and  a  little 
topaz  (1664),  and  are  in  contact  with  coarse-grained  tourmaline-pegmatites  which  are 
themselves  intrusive  in  biotite-schists  and  gneisses. 

The  tourmaline-bearing  pegmatites,  which  have  just  been  noted  in  the  Priestley 
Glacier  moraine  and  at  Cape  Sastrugi,  are,  in  fact,  very  widely  sj)read,  and  occur  in 
numbers  along  the  Corner  Glacier  moraines.  They  are  actually  intrusive  in  the 
diorite  in  the  bluff  between  Corner  and  Priestley  Glaciers,  and  there  are  three 
specimens  (1636,  1613,  1644)  from  the  Boomerang-Campbell  moraine  on  the  east.  In 
fact,  the  distribution  of  the  Priestley  Glacier  type  of  granite  and  of  the  tourmaline¬ 
bearing  pegmatites  is  exactly  the  same  as  that  of  the  porphyritic  biotite-gneiss 
described  in  No.  5  of  this  report,  and  I  believe  them  to  be  actually  connected  with 
this  intrusion,  forming  a  partly  tourmalinized  zone  in  which  muscovite  and  occasionally 
topaz  are  developed  at  the  expense  of  the  felspar. 

Turning  again  to  the  dioritic  rocks,  we  find  these  in  sitn  on  the  bluff  between 
Corner  Glacier  and  Priestley  Glacier  (1361,  1362,  1363),  where  they  include  patches 
of  biotite-schist.  Several  specimens  were  collected  lower  down  the  moraine  of  Corner 
Glacier  and  on  the  outer  moraine  of  the  Priestley  Glacier.  These  differ  somewhat 
from  the  dioritic  rocks  of  the  Northern  Foothills  in  the  hand-specimen.  They  are 
even-grained  (2-4  mm.),  black-and-white  rocks,  with  biotite,  felspar,  and  sometimes 
hornblende,  all  clearly  recognizable.  Under  the  microscope  they  are  seen  to  consist 
of  andesine  (Aba  -^^2)  with  rather  subordinate  quartz  and  about  30  per  cent,  of  biotite 
and  hornblende.  Accessory  constituents  are  not  abundant,  only  very  minute  apatite 
crystals  and  some  sphene  being  observed,  and  opaque  iron  ores  are  almost  entirely 
absent.  The  sphene  is  usually  enclosed  in  the  biotite.  The  biotite  in  these  rocks  is 
in  flakes  1-2  mm.  across  and  gives  pleochroism,  chestnut  to  primrose-yellow.  The 
hornblende  gives  pleochroism,  y  bottle-green,  /3  yellowish-olive,  a  reed-yellow,  with 
c  :y  —  16°.  Several  of  the  specimens  exhibit  contacts  with  biotite-schists,  and  with 
para-pyroxene-granulites,*  and  some  show  very  evident  traces  of  foliation. 

*  This  report,  No.  5  b,  p,  157. 
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It  seems  conceivable  that  the  Northern  Foothills  and  the  block  of  land  between 
Campbell  Glacier  and  Priestley  Glacier  are  occupied  by  parts  of  the  same  plutonic 
complex  intrusive  into  the  metamorphic  rocks.  If  this  is  so,  the  dioritic  rocks,  the 
porphyritic  biotite-gneiss,  the  muscovite-bearing  granite  of  Priestley  Glacier  and  Cape 
Sastrugi,  and  the  tourmaline-bearing  pegmatites  and  aplites  may  be  successively 
younger  members  of  one  series  of  intrusions.  A.11  of  these  intrusions  are  later  than 
the  metamorphic  rocks,  and  all  seem  to  have  been  subjected  to  some  foliation,  best 
shown  in  parts  of  the  porphyritic  gneiss.  It  seems  rather  more  difficult  to  admit  into 
this  series  the  granites  and  microgranites  of  Northern  Foothills  and  Vegetation  Island, 
which  have  not  been  recognized  in  any  of  the  moraines  to  the  west. 

Still  farther  west  the  Beacon  Sandstone  formation  makes  its  appearance,  and 
erratics  of  it  are  found  in  the  western  moraine  of  the  Priestley  Glacier  where  they  are 
associated  with  quartz-dolerite.  With  the  quartz-dolerites  are  found  erratics  of  fine¬ 
grained  amygdaloidal  “  basalts  ”  which  differ  from  the  Tertiary  volcanics  and  seem 
rather  to  belong  to  the  quartz-dolerites  themselves. 

CAPE  ADARE  AND  ROBERTSON  BAY.* * * § 

No  plutonic  or  hypabyssal  rocks  have  been  found  in  sita  at  Cape  Adare  or  on 
the  coast  of  Robertson  Bay,  but  considerable  interest  attaches  to  the  foreign  erratics 
which  are  found  not  only  in  the  moraines  of  the  Murray  and  Newnes  Glaciers  but 
also  high  up,  over  800  feet  above  sea-level,  at  the  northern  end  of  Cape  Adare 
(Fig.  12). 

The  only  published  descriptions  of  any  erratics  from  the  neighbourhood  are 
based  on  the  collections  made  by  C.  E.  Borchgrevink,  both  in  1894  on  the  “Antarctic  ” 
and  again  in  1899  on  the  “Southern  Cross”  Expedition,  when  he  wintered  at  Cape 
Adare.  The  specimens  collected  in  1899  were  described  by  Dr.  G.  T.  Prior,  f  The 
earlier  expedition  of  1894  had  yielded  only  one  example  of  the  eruptive  rocks, 
a  garnetiferous  aplite,^  quite  similar  to  erratics  from  Possession  Island  described  by 
Prior  and  collected,  one  by  Borchgrevink,  and  another  earlier  by  the  Ross  Expedition 
of  1839.  § 

ERRATICS  HIGH  UP  ON  CAPE  ADARE. 

Priestley’s  collection  of  the  foreign  erratics  on  Cape  Adare  includes  many 
representatives  of  the  slate-greywacke  formation,  but  numerous  granites  and 
associated  dike  rocks  are  also  present,  and  a  fair  number  of  boulders  of  quartz- 

*  Descriptions  are  based  on  the  collection  made  by  Mr.  R.  E.  Priestley  in  1911. 

t  Prior  (G.  T.),  loc.  cit.,  pp.  322-325. 

f  David  (T.  W.  E.),  Smeeth  (W.  F.),  and  Schofield  (J.  A.),  Journ.  &  Proc.  Roy.  Soc.  N.S.W., 
1895,  vol.  29,  p.  471. 

§  Prior  (G.  T.),  Min.  Mag.,  1899,  vol.  12,  p.  79. 
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dolerite  exactly  similar  to  the  clolerites  intrusive  in  the  Beacon  Sandstone  in  the 
McMurdo  Sound  region.  The  granites  and  associated  dike  rocks  are  for  the  most 
part  similar  to  those  already  recorded  by  Prior,  but  some  of  them  are  new  and,  as 


many  of  the  erratics  show  interesting  resemblances  to  rocks  now  known  to  occur  in 
the  Terra  Nova  Bay  region,  a  brief  account  of  their  characters  will  not  be  out  of  place. 

Peference  has  been  made  in  a  previous  part  of  this  report  to  the  fact  that 
a  boulder  identical  in  character  with  the  porphyritic  biotite-gneiss  of  the  Terra  Nova 

I  i 
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Bay  region  had  been  found  by  Borcbgrevink  in  1899  at  Cape  Adare,  Another 
erratic  of  the  same  kind  was  collected  by  the  present  expedition.  The  two  boulders 
have  been  compared  with  numerous  specimens  from  the  Terra  Nova  Bay  region,  and 
there  can  be  no  doubt  that  the  resemblances  are  very  close  indeed. 

This  is  by  no  means  an  isolated  example  of  the  presence  among  the  erratics  on 
the  top  of  Cape  Adare  of  types  known  to  occur  further  south. 

A  hornblendic  biotite-microcline-granite  collected  by  Borcbgrevink,  but  not 
described  by  Prior,  is  identical  with  a  cream-coloured  granite  (1966,  1969)  found  as 
erratics  in  Hell  s  Gate  moraine.  Terra  Nova  Bay.  Two  or  three  specimens  (287,  566) 
closely  resemble  the  non-])orphyritic  habit  of  the  grey  granite  (Granite  Harbour  type) 
which  is  known  to  occur  at  Terra  Nova  Bay  as  well  as  at  Granite  Harbour,  and 
another  (366)  is  absolutely  indistinguishable  in  the  hand-specimen  from  one  of  the 
red  veins  (D57G)  found  in  the  grey  granite  at  Cape  Geology,  Granite  Harbour, 

Among  the  dike  rocks  from  Cape  Adare,  Prior  has  already  recorded  a  red 
})orphyritic  granophyre  {loc.  cit.,  p,  324)  and  halleflinta-like  felsites  {loc.  cit.,  p.  325), 
and  both  these  types  have  been  found  again  by  Priestley.  The  “  red  porphyritic  grano¬ 
phyre  ”  is  very  similar  to  the  red  quartz-orthoclase-porphyry  (Dl2G)  of  Granite 
Harbour,  and  a  pebble  (474)  from  Priestley’s  collection  is  indistinguishable  from  some 
specimens  from  dikes  on  The  Flatiron.  Halleflinta-like  felsites,  quite  similar  to  those 
described  by  Prior,  were  found  by  Priestley  as  erratics  on  the  island  next  to  Depot 
Island  (p.  191). 

The  other  specimens  collected  by  Priestley  have  not  been  definitely  recognized 
as  types  known  farther  south. 

A  pale  pink  microgranite  (1229)  intrusive  in  a  hornblende-biotite-gneiss  compares 
well  in  outward  appearance  with  the  microgranite  of  Hell’s  Gate  moraine,  but  it 
contains  no  microcline  and  but  little  plagioclase,  the  bulk  of  its  felspar  being  orthoclase 
or  microperthite. 

Other  granites  include  several  specimens  of  the  biotite-granite  with  pink  porphy- 
I'itic  felspars  described  by  Prior,  another  pink  granite  with  numerous  pink  crystals  of 
orthoclase,  and  a  grey  granite  with  abundant  muscovite  in  addition  to  biotite  rather 
resembling  some  of  the  erratics  collected  on  the  outer  moraine  of  the  Priestley 
Glacier. 

Among  dike  rocks  there  are  a  pink  aplite  and  one  or  two  gi’cy  quartz-orthoclase- 
porphyries  with  no  very  distinctive  characters,  and  three  porphyries  with  a  fine¬ 
grained  granulitic  ground-mass  which  possibly  belong  to  an  earlier  group  of  intrusions. 

Quartz-dolerites,  quite  similar  to  the  intrusive  sills  in  the  Beacon  Sandstone, 
occur  among  the  erratics  and  are  represented  in  the  collection  by  about  eight 
specimens. 

It  seems  quite  evident  tliat  many  of  the  erratics  left  high  up  on  Cape  Adare 
liave  been  derived  from  an  area  in  which  many  of  the  Terra  Nova  Bay  and  Granite 
Harbour  rock- types  are  repeated.  Mr.  Priestley  considers  that  although  evidence 
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apart  from  the  composition  of  the  moraines,  points  to  a  southern  source  for  the  ice 
which  planed  down  the  north  end  of  Cape  Adare,  yet  it  is  improbable  that  this  source 
of  origin  was  as  far  south  as  Terra  Nova  Bay  itself.  In  his  memoir  on  the  Physio¬ 
graphy  of  the  Ptobertson  Bay  region  (p.  10),  when  writing  of  these  moraines  on  Cape 
Adare,  he  says :  “  To  account  satisfactorily  for  the  occurrence  of  these  moraines  one 
must  visualize  the  onward  movement  of  a  magnificent  sheet  of  ice  filling  the  Bay 
from  back  to  front  and  at  least  a  thousand  feet  thick.  Such  a  sheet  must  have  had 
its  origin  from  some  ancestors  of  the  glaciers  at  present  filling  the  valleys  at  the  head 
of  the  Bay.  It  is  difficult  to  conceive  it  as  the  output  of  a  local  Highland-ice  sheet. 
It  is  more  reasonable  to  suppose  that  we  are  here  dealing  with  the  remains  of  the 
extension  of  some  great  Continental-ice  which  formerly  shouldered  its  way  past 
Mount  Sabine  and  found  its  overflow  down  the  coastal  valleys.” 

Mr.  Priestley  regards  the  probable  direction  of  movement  as  from  rather  west  of 
south,  and  he  has  suggested  the  Mount  Sabine  area  as  a  possible  source  of  the 
granitic  rocks. 

The  resemblance  of  no  less  than  six  different  types  of  erratics  to  Terra  Nova  Bay 
or  Granite  Harbour  rocks  is  so  striking  that  one  hesitates  to  discard  as  impossible  the 
idea  that  the  Terra  Nova  Bay  region  may  be  the  source  of  the  boulders,  but  between 
Mount  Melbourne  and  Robertson  Bay  He  200  miles  of  unknown  country,  and 
Mr.  Priestley’s  view  is  that  somewhere  in  this  area,  possibly  in  the  Admiralty  Range, 
we  have  a  repetition  of  the  granitic  rocks  of  the  type  with  which  we  were  first  made 
familiar  in  the  Ferrar  Glacier  region  and  which  have  since  been  found  to  recur  both 
at  Granite  Harbour  and  again  at  Terra  Nova  Bay. 


ERRATICS  FROM  THE  MURRAY  GLACIER. 

The  only  other  sources  from  which  erratics  of  eruptive  rocks  were  collected  in 
the  vicinity  of  Cape  Adare  were  the  moraines  of  the  Murray  Glacier.  Here  were  found 
no  true  granites  but  numerous  specimens  of  dioritic  rocks  ranging  in  composition 
from  rocks  so  rich  in  quartz  as  to  be  classed  as  granodiorites  to  basic  diorites,  similar 
to  the  rocks  now  classed  as  olivine-diorites  by  Harker. 

Most  of  these  rocks  were  collected  from  the  south  side  of  Colbeck  Bay ;  two  of 
the  more  acid  type  came  from  the  Murray  “  Dry  A^alley.” 

The  more  acid  rocks  of  this  series  contain  abundant  quartz  and  some  orthoclase 
as  well  as  plagioclase  (oligoclase-andesine),  biotite,  and  hornblende.  The  hornblende 
was  originally  brown  with  pleochroism,  a  cream-buff,  /?  =  y  tawny-olive  ;  c  :  y  = 
17^°.  The  biotite  is  intensely  pleochroic,  =  y  blackish-brown,  a  warm-buff 
to  cream-buff.  The  accessory  constituents  are  a  black  iron  oxide,  apatite,  and 
sphene.  The  iron  oxide  and  sphene  are  enclosed  by  the  biotite.  Much  alteration 
has  gone  on,  the  felspars  being  very  much  saussuritized,  biotite  altering  to  chlorite, 
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and  strongly  pleochroic  epidote  developing  rather  abundantly,  often  within  the 
biotite. 

In  another  variety  with  less  quartz  and  no  orthoclase,  the  biotite  and  its 
alteration  products  are  more  abundant,  and  the  felspar,  which  is  basic  andesine,  is 
strongly  zoned.  The  mode  of  alteration  is  similar  to  that  of  the  more  acid  rock. 
This  is  a  quartz-hiotite-diorite. 

The  other  rocks  are  much  more  basic  blackish-grey  rocks  which,  under  a  lens, 
are  seen  to  consist  of  idiomorphic  black  hornblendes  with  a  little  pinkish  felspar 
evenly  distributed  in  the  interstices.  In  its  original  condition  the  rock  appears  to 
have  been  an  olivine-hearing  diorite  similar  to  some  of  the  rocks  described  by  Allport 
from  Marston  Jabet  in  Warwickshire,*  or  to  the  basic  diorite  of  Inchnadampf, 
Sutherlandshire,  described  by  Sir  J.  J.  H.  Teall.  f 

These  rocks  consisted  of  hornblende,  biotite,  and  plagioclase,  with  olivine,  but 
they  have  been  very  much  altered  and  a  certain  amount  of  free  quartz  has  made  its 
appearance.  The  hornblende,  perhaps  originally  brown,  is  now  mostly  green  ;  c  ;  y  = 
102°  ;  a  very  pale  yellow,  j8  cress-green,  y  grape-green  to  dark  olive-bulf. 

All  the  biotite  is  altered  to  chlorite,  and  there  are  numerous  patches  of  calcite 
dusted  with  magnetite,  which  represent  pseudomorphs  of  olivine  and  are  very  similar 
to  those  described  by  Allport  in  the  diorite  of  Purley  Park,  Atherstone.  J  The 
hornblendes  vary  in  size  from  1-2  mm.  down  to  quite  small  crystals,  most  of  the 
small  ones  being  of  later  growth.  The  olivine  is  so  abundant  in  one  specimen  (1124) 
that  this  must  approach  in  composition  the  rocks  classed  as  olivine-diorites  by  Marker 
and  described  by  several  writers  as  picrite.  The  alteration  is  of  the  same  type  as  has 
been  described  above,  with  saussuritization  of  felspar  and  the  development  of  much 
epidote. 

These  rocks  are  in  some  respects  similar  to  the  diorites  of  the  Northern  Foothills, 
but  there  is  not  here  that  same  clear  and  convincing  similarity  which  exists  between 
the  granite  erratics  of  Cape  Adare  and  the  granitic  rocks  of  the  Terra  Nova  Bay 
region  and  of  Granite  Harbour. 


*  Allport  (S  ),  Quart.  Journ.  Geol.  Soc.,  1879,  vol.  35,  p.  638. 
t  Teall  (J.  J.  H.),  Geol.  Mag.,  1886,  dec.  3,  vol.  3,  pp.  346-351. 
+  Allport  (S.),  loc.  cit,  p.  640. 
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THE  BEARDMORE  GLACIER. 


‘•‘Friday,  March  16  or  Saturday  17 — Yesterday  tve  had  to  lay  up  for  a  hlizzard  and  to-day  toe  move 
dreadfully  sloivly.  We  are  at  No.  14  pony  camp,  only  two  pony  marches  from  One  Ton  Depot.  We  leave 
here  our  theodolite,  a  camera,  and  Oates’’  sleeping-bags.  Diaries,  ^-c.,  and  geological  specimens  carried  at 
Wilson’s  special  request,  ivill  be  found  with  us  or  on  our  sledge.” — The  Journals  of  Captain  R.  F.  Scott,  R.N., 
C.V.O.* * * § 

“  We  recovered  all  their  gear  and  dug  out  the  sledge  with  their  belongings  on  it.  Amongst  these  were 
35  lb.  of  very  important  geological  specimens  ichich  had  been  collected  on  the  moraines  of  the  Beardmore  Glacier  ; 
at  Doctor  Wilson’s  request  they  had  studs  to  these  up  to  the  very  end,  even  ivhen  disaster  stared  them  in  the 
face  and  they  hnew  that  the  specimens  were  so  much  iveight  added  to  what  they  had  to  pull.” — The  Last  Year 
at  Cape  Evans  with  the  finding  of  the  Polar  Party,  By  Surgeon  E.  L.  Atkinson,  R.N.t 

The  specimens  referred  to  in  the  two  passages  just  quoted  are  those  collected  by 
Captain  Scott’s  Polar  party  on  their  journey  back  from  the  South  Pole  in  January  and 
February,  1912. 

No  one  who  has  the  privilege  of  examining  these  specimens  and  who  knows  the 
details  of  the  tragic  journey  on  which  they  were  collected  can  fail  to  feel  that  here 
are  specimens  of  inestimable  value  to  be  treasured  in  the  national  collections  and  to 
be  examined  with  care  and  patience,  so  that,  if  possible,  every  stone  may  play  its  part 
in  the  piecing  together  of  the  geological  history  of  the  Beardmore  Glacier, 

More  than  half  the  bulk  of  this  collection  consisted  of  sedimentary  rocks  with 
samples  of  coal  and  fossil  plants.  The  Beacon  Sandstone  specimens  have  been 
described  briefly  by  Mr.  Debenham,  who  has  given  some  account  of  the  Beardmore 
Glacier,  illustrating  his  description  by  one  of  Dr.  Wilson's  remarkably  good  geological 
sketches  and  an  admirable  photograph  taken  by  Mr.  C.  S.  Wright.  |  Undoubtedly 
the  most  important  among  all  the  specimens  are  the  fossil  plants  collected  by 
Dr.  Wilson  near  Mount  Buckley  and  fully  described  by  Prof  A.  C.  Seward  in  the 
first  part  of  this  report.^  Ihe  samples  of  coal  are  similar  to  those  collected  by  the 
Shackleton  Expedition  of  1907-9  which  have  been  dealt  with  by  Prof  Sir  Edgeworth 
David  in  the  Geological  Report  of  that  expedition.  1| 

Besides  these  sediments  of  the  Beacon  Sandstone  formation  the  collection  includes 
specimens  of  the  limestone  with  Archaeocyathus,  previously  discovered  in  situ  by 
Sir  Ernest  Shackleton,  and  a  few  fragments  of  metamorphosed  sediments  of  which  no 
account  has  as  yet  been  published.  A  description  of  these  pre-Beacon  Sandstone 
sedimentary  rocks  will  form  the  subject  of  a  later  part  of  this  report. 

*  Scott’s  Last  Expedition,  Vul.  1  (1913),  p.  593, 

+  Ibid.,  Vol.  2  (1913),  p.  346. 

I  This  report,  No.  4  (1921),  pp.  113-19,  Figs,  6,  7. 

§  This  report.  No.  1  (1914),  pp.  5-9. 

II  David  (T.  W.  E.)  and  Priestley  (R.  E.),  Brit.  Ant.  Exp,,  1907-9,  Geology,  Vol.  1  (1914),  p.  250. 
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Quartz-dolerites. 

The  observations  of  Sir  Ernest  Shackleton  and  his  Polar  party  on  their  journey 
up  the  Beardmore  Glacier  in  1908  made  it  quite  clear  that  between  The  Cloudmaker 
and  Mount  Buckley  the  mountains  on  the  western  side  of  the  glacier  are  formed  of 
Beacon  Sandstone,  intruded  by  horizontal  sills  of  dolerite  exactly  similar  to  those 
already  recorded  in  other  parts  of  South  Victoria  Land.  These  observations  were 
abundantly  confirmed  by  Captain  Scott’s  party,  and  both  in  the  photographs  and  in 
Dr.  Wilson’s  annotated  geological  sketches  many  details  of  the  nature  of  the  dolerite 
sills  are  shown. 

It  seems  possible  that  the  Beacon  Sandstone  formation  may  actually  extend  to 
the  mountains  east  of  the  glacier.  Looking  at  these  mountains  from  about  the  middle 
of  the  glacier  on  December  12th,  Capt.  Scott  wrote  :  *  “  There  are  interesting  features 
showing  up — a  distinct,  banded  structure  on  Mount  Elizabeth,  which  we  think  may 
well  be  a  recurrence  of  the  Beacon  Sandstone — more  banding  on  the  Commonwealth 
Range,”  And  again,  four  days  later, f  “The  hills  on  our  left  have  horizontally 
stratified  rock  alternating  with  snow.  The  exposed  rock  is  very  black  ;  the  brownish 
colour  of  The  Cloudmaker  has  black  horizontal  streaks  across  it.” 

This  last  note  and  the  presence  of  sandstone  and  dolerite  in  the  moraines  under 
The  Cloudmaker  make  it  highly  probable  that  the  Beacon  Sandstone  and  the  dolerites 
occur  at  any  rate  in  the  upper  part  of  this  mountain. 

The  South  Polar  party  collected  altogether  twenty-five  specimens  of  the  quartz- 
dolerites  from  the  moraines  near  The  Cloudmaker,  from  Mount  Buckley,  and  from 
Mount  Darwin.  The  specimens  collected  by  Lieutenant  Bowers  at  Mount  Darwin  are 
of  the  very  greatest  importance,  as  they  settle  one  much-debated  point  as  to  the 
structure  of  this  particular  part  of  the  Beardmore  Glacier. 

Among  the  specimens  collected  by  the  Shackleton  Expedition  some  of  the  most 
important  were  the  massive  limestones  with  irregular  green  streaks  collected  in  situ 
at  the  farthest  south  exposure  of  rock  which  Shackleton’s  party  touched,  apparently 
Mount  Buckley.  The  limestone  contains  traces  of  Arcliaeocyatlius,  which  proves  it 
to  be  of  Cambrian  age,  and  it  has  been  thought  to  be  the  source  from  which  a  lime¬ 
stone-breccia  found  in  moraines  near  The  Cloudmaker  was  derived. 

There  has  been  some  difference  of  opinion  as  to  the  exact  relations  of  this  lime¬ 
stone  at  Mount  Buckley  to  the  Beacon  Sandstone,  but  Prof.  Sir  Edgeworth  David 
and  Mr.  Priestley  were  led  to  the  conclusion  that  the  whole  of  Mount  Darwin,  five 
or  six  miles  south-west  of  Mount  Buckley,  is  of  Cambrian  limestone  and  is  the  source 
of  a  limestone-breccia  at  Mount  Buckley,  and  they  showed  it  as  such  in  their  section 


*  Scott's  Last  Expedition,  Vol.  1  (1913),  p.  500. 
t  Ihid.,  p.  506. 
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of  the  Bearclmore  Glacier,  although  the  difficulty  of  explainiug  its  position  there  was 
considerable.* 

.Captain  Scott  evidently  had  it  in  mind  to  solve  this  problem  of  the  nature  of  the 
pink-weathering  rock  of  Mount  Darwin,  which  was  believed  to  be  limestone.  In  his 
journal  he  writes  :  f 

“Feb.  8. — .  .  .  .  Steered  in  for  Mount  Darwin  to  visit  rock.  Sent  Bowers  over, 
on  ski,  as  Wilson  can’t  wear  his  at  present.  He  obtained  several  specimens,  all  of 
much  the  same  type,  a  close-grained  granite  rock  which  weathers  red.  Hence  the 
pink  limestone.” 

Later  in  the  day  Dr.  Wilson  “  got  a  specimen  of  limestone  with  archaeocyathus  ” 
on  the  moraine  under  Mount  Buckley. 

The  specimens  collected  at  Mount  Darwin  by  Bowsers  (P48  and  P50)  prove  to 
be  not  a  granite  but  a  quite  typical  quartz-dolerite  of  the  McMurdo  type.  The  larger 
specimen  (P50)  is  medium-grained,  the  other  (P48)  very  fine-grained.  Both  are 
stained  red  on  the  weathered  surface.  This  discovery  makes  it  absolutely  certain  that 
the  dolerite  sills  of  the  Beacon  Sandstone  formation  extend  south-west  from  Mount 
Buckley  to  Mount  Darwin.  It  is  highly  probable  that  dolerite  forms  the  whole  of 
the  pink  capping  of  Mount  Darwin,  and  its  position  there  is  quite  normal.  The 
problem  of  the  true  position  of  the  Cambrian  limestone  of  the  Mount  Buckley 
moraine  remains,  and  will  be  discussed  in  another  part  of  the  report. 

There  is  something  remarkably  impressive  in  the  persistence  of  these  quartz- 
dolerite  sills  which  this  expedition  has  shown  constitute  the  most  southern  outcrop  of 
rock  in  the  known  world.  Mr.  Debenham  in  his  preliminary  notes  on  “The  Geological 
History  of  South  Victoria  Land  ”  has  alluded  to  the  great  dolerite  intrusions  as  the 
McMurdo  Sill.  |  He  gave  its  north-to-south  extent  as  from  latitude  71°  S.  to  8  >°  S., 
and  estimated  its  area  as  probably  exceeding  that  of  Great  Britain  and  Ireland. 
Since  he  wrote,  Sir  Douglas  Mawson  has  discovered  still  further  intrusions  of  the  same 
dolerites  in  King  George  Land,  on  the  Antarctic  Circle,  somewhat  over  1,300  miles 
from  their  most  southerly  outcrop  at  Mount  Darwdn. 

In  the  collection  which  Dr.  Wilson  made  at  Mount  Buckley  there  are  eight 
specimens  of  quartz-dolerites.  Some  of  these  are  quite  typical  and  show  the  characters 
so  fully  described  by  W.  N.  Benson  and  W.  B.  Brow-ne,  but  three  of  them  are  exceed¬ 
ingly  fine-grained  and  one  (P4)  shows  small  round  vesicles  filled  with  zeolites.  These 
very  fine-grained  rocks  have  been  referred  to  as  lavas,  and  it  has  been  suggested  that 
lavas  equivalent  to  the  volcanics  of  McMurdo  Sound  might  be  found  here.  This, 
how’ever,  is  not  the  case.  In  mineral  composition  they  appear  to  be  identical  with 
the  quartz-dolerites.  Specimen  P9  consists  of  numerous  thin  plagioclase  laths  and 
grains  of  augite  in  a  glass}^  base  ;  the  others  appear  to  be  exceedingly  fine-grained 

*  David  (T.  W.  E.)  and  Priestley  (R.  E.),  Brit.  Ant.  Exp.,  1907-9,  Geology,  Vol.  1  (1914),  p.241. 

t  Scott’s  Last  Expedition,  Vol.  1  (1913),  p.  563. 

I  Ibid.,  Vol.  2  (1913),  p.  436. 
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dolerites.  Similar  fine-grained  types  are  found  in  the  moraines  of  The  Cloudmaker 
and  can  be  compared  with  the  marginal  varieties  of  the  quartz  dolerites  described 
and  figured  by  G.  T.  Prior.*  Reference  has  been  made  to  similar  fine-grained  and 
vesicular  dolerites  in  the  material  from  the  Priestley  Glacier  (p.  214).  It  appears 
highly  probable  that  these  so-called  lavas  are  really  marginal  modifications  of  the 
quartz-dolerite.  If  they  are  true  lavas  they  must  be  very  intimately  associated  with 
the  intrusion  of  the  quartz-dolerites,  and  they  were  probably  contemporaneous  with 
the  sills. 


Fig.  14. — Quartz-dolerite  (P107),  from  moraine  near  The  Cloudmaker.  Showing  parallel-intergranular 

texture.  Magnification  42  diameters. 

The  dozen  specimens  brought  back  from  the  moraines  near  The  Cloudmaker 
show  most  of  the  characters  described  by  W.  N.  Benson.  Many  of  them  are  very 
fine-grained  varieties.  One  is  very  similar  to  the  rock  from  within  two  feet  of  the 
sandstone  at  Dry  Valleys,  Ferrar  Glacier  region,  figured  by  G.  T.  Prior.f  Others 
(P59,  P93)  show  rather  rare  crystals  of  rhombic  pyroxene  or  pseudomorphs  after  this 
mineral  like  those  described  by  Benson.  Another  specimen  (Pl07)  shows  a  remarkably 
well-defined  parallel  texture  in  which  the  pyroxene  all  occurs  as  grains,  of  which 
many  are  elongated,  conforming  to  the  general  parallelism  of  the  laths  of  labradorite. 
This  unusual  texture  may  be  described  as  'parallel-intergranular  (Fig.  14).  Most  of 
the  other  specimens  are  quite  typical  of  the  quartz-dolerites  of  McMurdo  Sound. 

*  Prior  (G.  T.),  Nat.  Ant.  Exp.,  1901-4,  Natural  History,  Vol.  1  (1907),  p.  138< 
t  Ibid.,  PI.  X,  Fig.  2. 
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Granites. 

Mount  Hope. 

Shackleton  in  1908  had  recorded  a  lar^e  mass  of  granite  forming  Mount  Hope 
and  Granite  Pillars  at  the  entrance  to  the  Beardmore  Glacier,  but  it  was  not 
until  1916  that  a  description  of  the  rock  based  on  two  specimens  collected  at  Shackle- 
ton’s  Lower  Glacier  Depot  was  published  by  Sir  Douglas  Mawson.*  In  the  mean¬ 
time  J.  Schetellg  t  had,  in  1915,  given  detailed  descriptions,  figures,  and  analyses  of 
granites  collected  by  Roald  Amundsen  (1911-12)  at  Mount  Betty  on  the  Axel 
Heilberg  Glacier,  about  200  miles  east  of  Mount  Hope,  and  at  Scott’s  Nunataks  in 
King  Edward  VII  Land.  At  both  these  places  he  recorded  a  true  granite  consisting 
of  orthoclase  and  microcline,  oligoclase,  quartz,  biotite,  and  muscovite,  with  apatite, 
magnetite,  and  zircon. 

From  an  analysis  of  the  granite  at  Scott’s  Nunataks  he  calculated  the  following 
mineral  composition ; — 

Quartz  21- 1,  perthitic  orthoclase  52-3,  plagioclase  20-7,  mica,  &c.  5-9. 

Mawson’s  description  of  the  two  specimens  from  near  Mount  Hope  shows  that 
the  Mount  Hope  granite  closely  resembles  the  granite  of  Scott’s  Nunataks.  It 
contains  both  muscovite  and  biotite,  and  is  rich  in  microcline.  One  of  his  specimens 
showed  a  porphyritic  texture.  Measurements  on  the  second  specimen,  a  fine-grained 
granite,  showed  the  approximate  mineral  composition  to  be  as  follows  : — 

Quartz  26,  orthoclase  and  microcline  (and  anorthoclase)  51,  plagioclase  19, 
mica  4. 

The  specimens  collected  by  Scott’s  Expedition  in  the  neighbourhood  of  Mount 
Hope  correspond  well  with  the  description  given  by  Mawson  of  his  porphyritic 
variety.  The  South  Polar  party  collected  also  one  or  two  chips  of  pegmatite  with 
smoky  quartz  in  graphic  intergrowth  with  felspar.  Captain  Scott’s  journal  records 
a  large  boulder  of  coarse  granite  lying  on  the  glacier  about  three  miles  beyond  his 
Lower  Glacier  Depot  and  near  Granite  Pillars. 

The  specimens  of  the  granite  do  not  afford  sufficient  material  for  analysis,  and' 
direct  comparisons  have  not  been  possible,  but  the  published  descriptions  of  the  rocks 
and  the  estimates  of  mineral  composition  given  above  make  it  clear  that  the  granites 
of  Mount  Betty  and  of  Scott’s  Nunataks  are  very  similar  to  the  granite  of 
Mount  Hope. 

Schetelig  has  suggested  that  the  granites  from  Mount  Betty  are  connected  with 
the  intrusive  granites  farther  north  in  South  Victoria  Land.  He  had  seen  at  the 


*  Mawson  (D.),  Brit.  Ant.  Exp.,  1907-9,  Geology,  Vol.  2  (1916),  p.  213. 

+  Schetelig  (J.),  Eeport  on  Eock-specimens  collected  on  Eoald  Amundsen’s  South  Pole  Expedition. 
Videnskaps.  Skrifter  Christiania,  I,  Mat.-naturv.  Klasse,  1915,  No.  4,  32  pp. 
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British  Museum  specimens  of  the  grey  granite  of  Granite  Harbour  collected  by  the 
“  Discovery  ”  Expedition  and  found  them  “  very  similar  to  the  light-coloured  granite 
samples  from  Mount  Betty  Comparison  of  the  granite  of  Mount  Hope  with  the 

TABLE  VI. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

Aplitic 

granite. 

Plagioclase- 

granite. 

Granite. 

Hornblendic 

biotite- 

granite. 

Biotite- 

granite. 

Biotite- 

granite. 

Biotite- 

granite. 

Mount 

Betty. 

Mount 

Betty. 

Scott’s 

Nunataks. 

Cape 

Irizar. 

Northern 

Foothills. 

Mount 

Larsen. 

Granite 

Harbour. 

SiO, 

7310 

74-65 

73-00 

71-87 

71-55 

69-85 

68-33 

AlA 

15-14 

14-41 

13-01 

15-16 

13-41 

15-35 

16-56 

Fe^O, 

0-06 

0-52 

0-13 

0-62 

1-60 

0-40 

0-34 

FeO 

0-16 

1-08 

1-08 

2-10 

1-26 

3-88 

2-82 

MnO 

tr. 

0-02 

0-01 

0-04 

tr. 

0-06 

tr. 

MgO 

0-15 

0-,^0 

0-62 

0-29 

0-64 

0-52 

0-61 

CaO 

1-18 

2-63 

0-63 

0-84 

2-46 

2-94 

3-43 

Na,0 

3-96 

4-36 

4-04 

3-88 

3-46 

3-13 

3-85 

K,0 

6-13 

1-18 

7-00 

4-72 

4-84 

2-87 

3-56 

HjO  + 

0-32 

0-60 

0-31 

0-35 

0-15 

0-24 

0-38 

H,0- 

0-11 

0-12 

0-10 

0-15 

0-40 

0-03 

0-04 

TiOj 

tr. 

0-22 

0-20 

0-25 

0-21 

0-36 

0-29 

P.0, 

0-05 

0-06 

0-31 

tr. 

0-08 

0-50 

0-23 

s 

0-10 

0-08 

0-08 

— 

— 

— 

— 

CO, 

— 

— 

— 

0-09 

— 

0-01 

— 

100-46 

100-43 

100-52 

100-36 

100-06 

100-14 

100-44 

1,  2,  3.  Schetelig  (J.),  Videnskaps.  Skrifter  Christiania,  I,  Mat.-naturv.  Klasse,  1915,  No.  4. 

4,  6.  Mawson  (D.),  Brit.  Ant.  Exp.,  1907-9,  Geology,  Vol.  2  (1916). 

5,  7.  This  report,  No.  6,  Terra  Nova  Bay  region  and  McMurdo  Sound. 


biotite-granite  of  Granite  Harbour  does  not,  however,  show  any  close  similarity.  As 
we  now  know,  the  Granite  Harbour  type  is  characterized  by  a  high  content  of 
plagioclase,  rather  abundant  biotite,  little  orthoclase,  and  rather  low  silica  ;  on  the 
other  hand  the  granites  of  Mount  Hope,  Mount  Betty,  and  Scott’s  Nunataks  contain 
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muscovite  as  well  as  biotite  and  a  high  content  of  potash-felspar.  The  differences 
between  the  two  groups  of  granites  are  shown  conclusively  by  the  analyses  given  in 
Table  VI.  Even  in  the  plagioclase-granite  of  Mount  Betty,  described  by  Schetelig, 
there  is  no  close  approach  to  the  composition  of  the  biotite-granite  either  of  Granite 
Harbour  or  of  Mount  Larsen. 

The  only  area  in  South  Victoria  Land,  except  Mount  Hope,  in  which  granites 
rich  in  potash -felspar  have  been  recorded  hitherto  is  the  Terra  Nova  Bay  region 
where  some  erratics  from  the  Priestley  Glacier  moraines  do  contain  muscovite  as  well 
as  biotite,  so  that  there  is  a  possibility  that  granites  similar  to  those  of  Mount  Hope 
and  Mount  Betty  do  occur  in  this  area.  It  has  been  shown  above  that  these 
microcline-bearing  granites  of  the  Terra  Nova  Bay  region  are  probably  quite  distinct 
from  the  granites  of  the  Granite  Harbour  type,  and  there  is  at  present  no  evidence  as 
to  their  age.  Schetelig  has,  however,  shown  that  the  granite  of  Mount  Betty  is 
younger  than  the  gneisses  and  amphibolites  of  that  area,  and  the  same  is  probably 
true  of  the  Mount  Hope  granite.  This  in  itself  is  a  valuable  addition  to  our 
knowledge. 


The  Moraines  near  The  Cloudmaher, 

Two  small  fracrments  of  a  blotite-fjranite  were  found  in  the  moraines  near  The 
Cloudmaker.  The  discovery  of  granite  as  far  south  as  this  point,  latitude  84°  S., 
is  quite  new,  and  the  specimens  are  of  very  great  interest  for  they  do  seem  to  show 
a  resemblance  to  the  pre-Beacon  Sandstone  granites  of  Granite  Harbour  and  they  are 
quite  different  from  the  granite  of  Mount  Hope.  Both  the  specimens  are  very  much 
weathered,  and  in  one  (Pll7)  the  biotite  and  the  felspars  are  completely  altered. 

The  fresher  specimen  (Pi  15)  is  a  fine-grained  pale  grey  granite  consisting  of 
half-millimetre  flakes  of  brown  biotite,  laths  of  oligoclase  (Ab^  Vnj),  orthoclase,  and 
quartz,  with  apatite,  magnetite  (or  ilmenite),  and  zircon  as  accessory  constituents. 
The  grain  is  very  even,  0-5  mm.,  and  the  texture  is  panidiomorphic-granular  (Rosen- 
busch),  and  indicates  that  the  rock  probably  forms  part  of  a  small  intrusion.  Quartz 
is  not  abundant  and  occurs  mainly  in  graphic  intergrowth  with  the  orthoclase ;  only 
15  per  cent,  could  be  measured  in  the  section  but  more  is  probably  present  in  the 
fine-grained  patches  of  micropegmatite.  The  oligoclase  forms  lath-shaped  crystals 
half  a  millimetre  across  and  one  to  two  millimetres  long  and  is  probably  slightly  more 
plentiful  than  the  orthoclase. 

The  appearance  of  this  granite  and  its  richness  in  both  plagioclase  and  biotite 
at  once  recalled  the  characters  of  the  grey  biotite-granite  of  Granite  Harbour. 
Compared  with  sections  of  the  Granite  Harbour  type  from  Granite  Harbour  and  from 
the  Terra  Nova  Bay  region,  the  texture  of  the  fragment  from  The  Cloudmaker 
moraine  is  more  nearly  panidiomorphic  and  it  shows  no  traces  of  pressure  etfects,  but 
the  mineral  composition  is  very  similar.  Attempts  to  measure  the  relative  proportions 
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of  minerals  present  failed  to  give  reliable  results  on  account  of  the  state  of  alteration 
of  the  felspars  in  the  granite  from  The  Cloudmaker,  and  only  the  ratio  of  biotite  to 
colourless  constituents  was  determined.  The  percentage  of  biotite  present  in  the 
series  of  sections  measured  is  as  follows  : — 


No. 

% 

Granite  Harbour  type.  Granite  Harbour 

D9G 

15-0 

D38G 

11-5 

Feri’ar’s  No. 

155 

ll-O 

,,  ,,  ,,  Terra  Nova  Bay 

1426 

13-5 

(nielanocratic  variety) 

1472 

26-5 

1473 

10-0 

Calculated  from  analysis  of  Mount  Larsen  granite 

23-0 

Granite  from  moraine  off  The  Cloudmaker 

(PI  15) 

19.0 

,,  (a  much-altered  specimen) 

(P117) 

8-0 

These  figures  serve  to  show  that  the  biotite-content  in  The  Cloudmaker  granite 
is  of  the  same  order  as  in  the  biotite-granite  of  Granite  Harbour  and  Mount  Larsen, 
and  is  much  higher  than  in  the  granites  of  Mount  Betty  or  Mount  Hope,  or  in  the 
microgranite  of  the  Northern  Foothills  type,  in  which  measurements  show  the  biotite- 
content  to  be  about  4-5  per  cent. 

It  seems  probable  that  the  little  fragment  from  The  Cloudmaker  moraine  is 
a  representative  of  the  Granite  Harbour  type,  which  may  outcrop  from  beneath  the 
Beacon  Sandstone  somewhere  near  The  Cloudmaker,  and  the  connexion  suggested  by 
Schetellg  with  South  Victoria  Land  may  exist  here  though  not  at  Mount  Betty.  If 
this  is  so,  it  forms  another  instance  of  the  rather  remarkable  continued  reappearance 
of  this  type  of  granite  at  nearly  every  point  where  explorers  have  penetrated 
inland  from  the  coast  of  South  Victoria  Land. 
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I.  THE  DISTRIBUTION  OF  THE  VOLCANIC  ROCKS 

This  seventh  number  of  the  Geology  reports  on  the  British  Antarctic  (‘  Terra  Nova’) 
Expedition  *  deals  with  the  volcanic  rocks  collected  on  Ross  Island  and  also  with  the  few 
specimens  obtained  from  two  of  the  very  rare  exposures  of  volcanic  rocks  on  the  mainland 
opposite  Ross  Island  in  the  Koettlitz  and  Ferrar  Glacier  regions. 

The  notes  on  the  distribution  of  the  volcanic  rocks  are  compiled  chiefly  from  Pro¬ 
fessor  Frank  Debenham’s  published  account  of  The  'physiogra'phy  of  the  Ross  Archipelago  f 
and  from  his  field  catalogue  and  labels.  Other  sources  of  information  are  acknowledged  in 
the  text. 

It  seems  appropriate  to  begin  the  description  of  the  volcanic  rocks  with  those 
collected  on  the  higher  levels  of  Mount  Erebus  as  so  much  interest  attaches  to  this  active 
volcano  in  the  midst  of  the  snow  and  ice  of  the  Antarctic.  The  specimens  were  collected 
in  1912  on  what  was  known  as  the  ‘summer  trip’  under  the  leadership  of  R.  E.  Priestley 
[now  Sir  Raymond]. 

A  full  description  of  those  parts  of  the  active  crater  and  the  older  craters  so  far  as 
they  were  accessible  to  climbers  was  given  by  [Sir]  T.  W.  Edgeworth  David  and  Priestley, | 
and  further  details  were  added  in  1923  by  Professor  Frank  Debenham,  who  was  one  of  the 
party  of  six  to  make  the  ascent  in  December  1912. 

The  specimens  from  the  highest  levels  are  loose  feldspar  crystals  and  masses  of 
brown  pumice.  The  manner  in  which  these  crystals  occur  has  been  well  described  by 
David  and  Priestley  (op.  cit.  p.  213),  and  the  character  and  shape  of  them  as  well  as  of  the 
pumice  are  shown  in  two  plates  in  their  account  of  the  mountain  (op.  cit.  pi.  64  and  65) 
and  in  a  photograph  of  two  of  the  specimens  brought  back  by  the  Terra  Nova  Expedition 
(pi.  1,  fig.  1). 

Describing  the  cinder  cone  in  the  active  crater  in  1912,  Debenham  writes:  ‘On  the 
north-east  side  there  was  a  small  lava  flow,  but  elsewhere  the  cone  is  formed  of  the 
spongy-brown  pumice  and  the  detached  felspar  crystals  which  every  small  outbimst 
blows  high  into  the  air’  (op.  cit.  p.  37). 

The  feldspar  crystals,  generally  referred  to  as  anorthoclase,  were  described  and 
analysed  by  E.  D.  Mountain,  who  showed  that  they  are  better  described  as  potash- 
oligoclase.  Further  reference  to  them  will  be  made  in  the  detailed  petrography.  The 
manner  of  their  occurrence  is  similar  to  that  of  the  anorthoclase  crystals  found  at  high 


*  Previous  numbers  1-6,  published  between  1914  and  1924,  constitute  volume  1  of  the  Natural 
History  Report,  Geology. 

t  Debenham  (F.),  Brit.  (Terra  Nova)  Ant.  Exp.  1910-1913,  The  physiography  of  the  Ross  Archipelago, 
1923,  pp.  33-7. 

[  David  (T.  W.  E.)  and  Priestley  (R.  E.),  Brit.  Ant.  Exp.  1907-9,  Geology,  vol.  1,  1914,  pp.  210  et  seq. 
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levels  on  Mount  Kenya,  where  they  are  associated  with  brovm  phonolitic  glass  similar  in 
composition  to  the  brown  pumice  of  Mount  Erebus.* * * § 

The  freshest  looking  kenyte  lava  collected  by  the  1912  party  is  the  slaggy  kenyte 
from  Hooper’s  Shoulder,  a  very  prominent  black  pyramid  of  rock  which  stands  out 
sharply  against  the  background  of  ice  at  about  6,000  feet  and  some  five  miles  distant 
from  the  central  cone.  The  cone  itself  is  about  300  feet  high.  Debenham  (loc.  cit. 
p.  33)  says  of  this  outcrop:  ‘In  many  places  the  lava  is  of  the  ropy  type  in  quite  small 
flows,  many  of  which  have  not  reached  the  base  of  the  cone.  In  other  places  there  are 
hollow  columns  of  the  slaggy  lava  as  though  the  gases  had  penetrated  these  as  funnels, 
while  the  mass  was  still  plastic.  It  is  obviously  of  very  recent  date,  .  .  .  and  it  seemed 
that  the  whole  cone  was  formed  of  the  same  material  and  was  probably  produced  in  a 
comparatively  short  time.’ 

The  glass  of  this  lava  in  the  hand-specimens  is  black  and  iridescent,  ajid  the  lozenge¬ 
shaped  feldspars,  commonly  about  1  x  0-3  cm.  in  cross-section,  range  up  to  3  or  4  cm.  in 
length  [D220].t 

At  less  than  half  a  mile  from  the  present  cinder  cone  of  the  active  crater  indications 
were  found  of  a  third  crater,  the  active  one  being  the  fourth.  The  third  crater  is  marked 
by  a  semicircular  ridge  which  is  well  developed  on  the  western  side.  The  only  specimens 
collected  are  rough  crystals  of  feldspar  thickly  coated  with  scoriaceous  brown  glass. 

The  second  crater  is  a  more  prominent  feature  and  is  clearly  shown  on  the  plane- 
table  chart  from  which  the  excellent  map  (op.  cit.  map  II)  was  prepared.^  This  crater  is : 
‘  the  most  complete  and  massive  of  the  four  which  can  be  recognised.  The  sides  of  this 
crater  are  formed  entirely  of  flows  of  lava.  .  .  .  On  the  north-west  side  of  the  mountain 
the  rock  forming  the  ridges  of  lava  is  a  light-grey  kenyte  with  large  crystals  of  pyroxene 
in  it  as  well  as  of  felspar,  but  as  one  approaches  the  col  between  The  Fang  and  Erebus 
the  grey  gives  place  to  black,  also  with  large  crystals  but  with  its  felspars  matted  and 
star-shaped  instead  of  the  usual  lozenge  type’  (op.  cit.  p.  35). 

Specimens  which  would  seem  to  represent  rocks  from  this  second  crater  rim  are  those 
from  the  ridge  above  Station  E  identified  as  Point  7650  about  midway  between  Black 
Cone  and  Sulphur  Cone.§ 

There  are  five  specimens  of  kenyte  from  this  ridge : 

D50.  a  dark  grey  kenyte  with  a  wholly  glassy  base. 

DtO.  a  dusky  green-grey||  kenyte  with  a  holocrystalline  groundmass.  The 
crystals  of  pyroxene  in  this  rock  to  which  Debenham  refers  in  his  field  description 
quoted  above  are  aegirine-augite.  There  are  smaller  insets  (phenocrysts)  of  olivine. 

*  Smith  (W.  Campbell),  Bull.  Brit.  Mus.  (Nat.  Hist.),  Mineralogy,  vol.  1,  No.  1,  1950,  p.  9. 

t  Numbers  in  brackets  [  ]  are  specimen-numbers.  D  refers  to  Debenham’s  catalogue, 

f  Reproduced  in  part  as  Map  I  in  this  number.  See  folder  in  back  cover. 

§  See  inset  map  of  the  summit  of  Erebus.  Brit.  (Terra  Nova)  Ant.  Exp.,  1910-1913,  map  II. 

11  Names  used  for  colours  of  the  hand-specimens  and  of  minerals  in  thin  section  are  based  on 
Ridgway  (R.),  Color  standards  and  color  nomenclature.  Washington,  1912. 
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This  is  a  very  good  representative  kenyte  and  resembles  some  that  Debenham  col¬ 
lected  at  Cape  Evans  [D26  and  68E]. 

Dl  1 0,  Dl  20,  Dl  30.  Kenytes  in  which  some  kind  of  alteration  has  affected  the 
pyroxene  and  olivine  crystals,  reddening  them  and  rendering  them  quite  turbid. 
This  alteration  imparts  a  deep  brownish  drab  colour  to  the  whole  rock.  Similar 
reddened  specimens  were  found  at  Point  7650  (Station  E)  [DllE,  Dl2E]  associated 
with  grey  kenytes.  A  loose,  weathered  block  of  the  same  colour  was  collected  at 
Lower  Fang. 

The  black  lava  with  star-shaped  groups  of  feldspar  found  by  Debenham  on  the  ap¬ 
proach  to  the  col  between  The  Fang  and  Erebus  mentioned  above  clearly  corresponds 
to  the  specimens  [DlO,  D20,  Dl60]  from  the  moraine  at  the  top  of  Crater  Glacier,  the 
small  glacier  between  The  Fang  and  the  mountain  itself.  These  are  porphyritic  olivine- 
basalts  with  abundant  slender,  lath-shaped  insets  of  labradorite-feldspar  often,  as 
Debenham  records,  in  star-shaped  groups.  The  specimens  from  the  top  of  Crater 
Glacier  are  associated  also  with  glassy  ken3de  [Dl60]  of  a  type  containing  very  small 
crystals  with  the  form  of  leucite,  first  observed  by  Dr.  Prior  in  specimens  collected  by 
Ferrar  on  the  Discovery  Expedition  of  1901-4. 

The  Fang  is  a  ridge  some  3  miles  in  length  running  roughly  east  and  west.  Deben¬ 
ham  regards  it  as  a  huge  remnant  of  the  oldest  crater  rim.  He  writes  (op.  cit.  p.  34) : 
‘Its  highest  point,  the  Upper  Fang,  is  10,400  feet  in  height  and  is  formed  of  a  series  of 
buttresses  and  cliffs  of  coarse  tuff  with  pinnacles  on  its  summit.  A  very  similar  buttress, 
the  Lower  Fang,  9,300  feet,  is  found  a  mile  to  the  west.  The  whole  of  the  ridge  is  roughly 
bedded,  but  is  formed  almost  entirely  of  fragmental  material  rather  than  of  lava  flows.’ 

The  specimens  from  the  moraine  below  Old  Fang  [D240]  are  all  ‘  olivine-basalts  to 
use  a  general  field  term,  and  those  from  Lower  Fang  [D20O]  are  a  varied  assemblage  of 
porphyritic  olivine-basalt  fragments  and  small  bombs  out  of  the  tuffs  of  which  also  there 
are  several  large  specimens.  Among  the  basalts  at  these  two  localities  are  some  with 
star-shaped  groups  of  feldspar  insets  and  numerous  spherical  vesicles  like  those  from  the 
head  of  Crater  Glacier  mentioned  above.  Others  have  conspicuous  small  black  insets  of 
pyroxene  as  well  as  the  more  numerous  lath-shaped  feldspars. 

Another  prominent  outcrop  at  which  specimens  were  collected  is  Abbott’s  Peak,  a 
pyramidal  cone  about  5  miles  WNW.  from  The  Fang  and  at  5,840  feet,  about  the  same 
level  as  Hooper’s  Shoulder.  This  had  been  thought  to  be  another  parasitic  cone,  but 
Debenham  (op.  cit.  p.  34)  considers  it  is  another  part  of  the  old  crater.  His  observation 
in  the  field  was  that  the  coarse  tuffs  and  lavas  of  which  it  consists  were  similar  in  most 
respects  to  the  rocks  found  in  The  Fang.  In  fact,  several  of  the  specimens  from  this 
cone  are  trachytic  rocks  perhaps  intermediate  in  character  between  the  phonolitic 

*  These  ‘  basalts  ’  all  carry  nepheline  in  the  groundmass  and  hence  are  closely  allied  to  rocks  usually 
called  ‘basanite’,  but  the  name  ‘olivine-basalt’  will  serve  well  enough  as  a  general  term  in  this  section  of  the 
report. 
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trachytes  and  trachydolerites  [D90,  Dl90].  The  rocks,  which  in  hand-specimens  look 
like  vesicular  basalts  [Dl80,  D290],  are  olivine-basalts  not  quite  like  those  of  The  Fang 
but  rich  in  brown  hornblende  and  a  greenish  pyroxene  (see  p.  80). 

Retracing  the  routes  followed  from  Cape  Royds  by  both  the  1912  and  the  1908 
parties,  one  notes  that  up  to  about  2,400  feet  both  routes  were  the  same  following  a  low 
ridge  formed  by  a  line  of  outcrops.  Most  of  these,  according  to  Debenham  (op.  cit. 
p.  33) :  ‘represent  the  higher  portions  of  definite  fiows  of  lava  which  have  come  from  the 
main  crater,  but  there  are  also  some  minor  cones  which  are  parasitic’.  Many  of  these 
outcrops  between  Turret  Cone  at  about  1,400  feet  (op.  cit.  map  III)  and  Station  A,  Point 
910,  map  II)  are  marked  on  Debenham’s  plane-table  chart  as  kenyte  and  so  are  two  on  the 
1908  party’s  route  at  2,440  and  2,875  feet. 

The  low  ridge  and  line  of  outcrops  meets,  at  about  650  feet,  a  low  ridge  of  fine  moraine 
(op.  cit.  map  III).  Three  miles  south  of  this  point  is  Mount  Cis,  a  denuded  cone  about 
20  feet  high,  and  about  a  quarter  of  a  mile  to  the  west  of  it  is  a  small  parasitic  cone. 
Point  H,  while  about  the  same  distance  to  the  south  of  it  is  another.  Point  G.  (These 
are  shown  just  below  the  600  feet  contour  on  map  III.)  Another  was  noted  in  1908  by 
David  and  Priestley  about  400  yards  to  the  NNE.  of  Mount  Cis  (op.  cit.  1914,  p.  221). 

Mount  Cis  consists  of  phonolitic  trachyte.  The  cone  itself  is  described  by  David  and 
Priestley  (op.  cit.  p.  220)  and  the  rocks  and  their  interesting  inclusions  are  described  by 
H.  I.  Jensen* * * §  and  by  J.  Allan  Thomson.f  Both  Priestley  and  Debenham  made  collec¬ 
tions  J  of  these  inclusions  representing  all  the  varieties  described  by  J.  A.  Thomson 
(p.  25). 

The  other  cones  are  kenyte-  and  basalt-tufis.  The  tuff  from  Cone  H  [D270,  D20R] 
has  a  fine-grained,  drab-colomed  base  and  contains  black  and  red  fragments  of  kenyte  and 
of  basalts,  both  aphanitic  and  porphyritic  varieties,  and  many  loose  fragments  of  feld¬ 
spar.  A  precisely  similar  tuff  is  that  from  a  parasitic  cone  in  the  collection  made  by 
David  and  Priestley  in  1908  [BM.  1911,  135,  12  =  Jl2].§  A  similar  mixture  of  kenyte 
and  basalt  fragments  was  found  in  the  tuff  cone  400  yards  NNE.  of  Mount  Cis.  The 
specimens  from  Cone  G  [D250,  D23R]  consists  of  large  pieces  of  black,  glassy  kenjde, 
many  small  lapilli  of  black  glass,  and  loose,  mostly  yellowish,  altered,  lozenge-shaped 
feldspars. 

The  outcrops  round  these  parasitic  cones  and  round  Mount  Cis  marked  on  Deben-  ’ 
ham’s  plane-table  chart  are  all  shown  as  ‘kenyte’.  Along  with  the  outcrops  between 
Mount  Cis  and  Turret  Cone  (op.  cit.  map  III)  they  belong  to  what  Debenham  has  des¬ 
cribed  as  the  upper  zone  of  lava-flows  and  parasitic  cones  in  the  Cape  Royds  district  (op. 


*  Jensen  (H.  1.),  Report  on  the  petrology  of  the  alkaline  rocks  of  Mount  Erebus,  Antarctica.  Brit.  Ant. 
Exp.  1907-9,  Geology,  vol.  2,  1916,  pp.  94-100. 

t  Thomson  (J.  Allan),  Report  on  the  inclusions  of  the  volcanic  rocks  of  the  Ross  Archipelago.  Brit. 
Ant.  Exp.,  1907-9,  Geology,  vol.  2,  1916,  pp.  134-6  and  143-4. 

I  Numbers  8-90  in  Priestley’s  and  specimens  marked  C  in  Debenham’s  collections. 

§  David  and  Priestley,  op.  cit.  p.  221. 
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cit.  p.  13).  This  zone  is  separated  from  the  coastal  belt  of  volcanic  rocks  by  a  broad 
belt  of  morainic  material  carrying  mainly  volcanic  rocks  mixed  with  some  mainland 
rocks,  plutonic,  sedimentary,  and  metamorphic  types.* 

The  coastal  belt  from  Horseshoe  Bay  to  Cape  Barne,  a  distance  of  some  four  miles 
in  a  direct  line,  consists  for  the  most  part  of  lava-flows  in  situ,  with  a  thin  covering  of 
moraine  (Debenham,  op.  cit.  p.  13).  David  and  Priestley  (op.  cit.  p.  218),  noting  that  the 
true  structme  of  the  district  is  largely  obscured  by  extensive  patches  of  morainic  material, 
find  evidence  that  some  of  the  older  kenyte  lavas  are  traversed  by  a  network  of  dikes. 
They  observed  distinct  stratification  in  the  volcanic  rocks  at  the  landing  place  on  the  south 
side  of  Flagstaff  Point  with  steep  dip  seawards.  Some  dikes  they  saw  stood  out  promi¬ 
nently  ‘such  as  the  one  at  the  Penguin  Rookery,  and  that  which  divides  up  Blue  Lake’. 

All  the  specimens  from  this  coastal  belt  in  the  Cape  Boyds  district  collected  in  situ 
by  the  Terra  Nova  Expedition  are  kenytes.  The  erratics  include  basalts  of  several  types 
and  a  phonolitic  trachyte  [D9R,  DlSR]. 

At  the  ‘point  beyond  Horseshoe  Bay’,  that  is  on  the  north  side  of  it  (see  Fig.  1), 
Debenham  records  flows  of  brownish  kenyte.  D9R  and  DlOR  are  from  this  point. 
They  are  true  kenytes,  dark  grey  on  freshly  broken  surfaces,  but  they  have  a  partly 
glassy  groundmass  somewhat  different  to  that  of  the  more  common  black,  glassy  kenytes. 

Nearer  Cape  Royds  Debenham  collected  from  a  flow  [DlR]  50  yards  west  of  High 
Peak  and  from  the  base  of  the  cliff  above  Blacksand  Bay  [Dl4R],  where  he  records  three 
distinct  lava-flows  superimposed  upon  one  another  with  glassy  and  slaggy  kenytes  in 
between  and  exhibiting  all  the  characters  one  would  expect  of  flows  which  had  come  some 
distance.  This  [Dl4R]  is  a  typical  kenyte  and  so  is  a  black,  glassy,  and  vesicular  speci¬ 
men  with  ropy  surface  structures  from  the  valley  above  Blacksand  Bay  [D3R].  Other 
typical  ken5des  were  collected  at  points  above  Backdoor  Bay  [D6,  12,  15,  16R]  and  from 
Point  B  some  1|  miles  north  of  Cape  Royds  [Dl3R]  in  the  area  marked  ‘irregular  lava- 
flows’  (op.  cit.  map  III). 

Commenting  further  on  the  fresh  appearance  of  the  kenytes  in  this  area,  Debenham 
wrote  (op.  cit.  p.  14):  ‘.  .  .  there  are  places  on  the  cape  where  the  surfaces  of  the  lavas 
are  so  glassy,  the  flows  themselves  so  thin,  and  the  directions  of  flow  so  diverse,  that 
it  is  difficult  to  reconcile  them  with  an  origin  10  or  15  miles  away.  No  signs  of  local 
kenyte  vents  are  to  be  found  on  the  lower  zone  and  none  of  sufficient  size  to  give  rise  to 
extensive  flows  anywhere  on  the  area’.  David  and  Priestley  had  suggested  (op.  cit.  p. 
218)  that  Cape  Royds  is  probably  situated  near  an  independent  point  of  eruption  of  the 
nature  of  a  parasitic  cone. 

Farther  south  towards  Cape  Barne  kenytes  form  the  massive  lava  at  the  sides  of 
Deep  Lake.  They  are  represented  by  grey  kenytes  [D260]  from  the  base  of  the  cliff  on 
the  west  side  of  the  lake,  and  [D2lR]  the  lower  of  two  flows  forming  a  cliff’  face  in  Deep 


*  See  Woolnough  (W.  G.),  Petrological  notes  on  some  of  the  erratics  collected  at  Cape  Royds.  Brit. 
Ant.  Exp.  1907-9,  Geology,  vol.  2,  1916,  pp.  169-86. 


Qeach 
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Contours  sfijirojcmatc  ]/./.  /oofeth  Loca!  Vo/canic.  Moraine 

'°f°T-‘n-? - 'r°  Remnants  of  Main/anc/  Moraine  \ 

Fig.  1 . — Map  of  the  Cape  Royds  district  from  Horseshoe  Bay  to  the  Barne  Glacier. 
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Lake  Valley.  Beyond  Deep  Lake  at  Cape  Barne  itself  and  to  the  east  of  it  is:  ‘a  well- 
defined  centre  of  basalts,  of  which  the  denuded  cones  of  three  vents  are  still  prominent, 
and  the  plug  or  consolidated  vent  of  one  of  them  remains  as  a  distinctive  mark  from 
seaward  anywhere  in  the  vicinity,  and  is  known  as  Cape  Barne  pillar’  (Debenham,  op. 
cit.  p.  15,  pi.  7).  The  basalts  from  these  outcrops  were  described  by  Jensen  (op.  cit.  pp. 
112-13).  They  are  represented  by  two  specimens,  D24R  from  Middle  Dome  and  D280 
from  Cape  Barne  Pyramid. 

There  has  been  some  difference  of  opinion  as  to  the  relation  of  the  Cape  Barne  basalts 
to  the  older  kenytes  in  their  vicinity.  David  and  Priestley  (op.  cit.  p.  219-20)  regard  the 
basaltic  belt  as  strongly  intrusive  in  the  older  kenyte  lavas,  and  they  show  them  as  such 
in  a  section  in  their  geological  map  (op.  cit.  pi.  95).  They  recorded  several  burnt  and 
reddened  fragments  of  kenyte  lying  at  the  foot  of  a  hill  of  agglomerate  east  of  Cape  Barne 
Pillar,  and  one  of  these  kenyte  fragments  was  found  in  place  cemented  in  the  agglomerate. 
Secondly,  they  considered  that  the  lines  of  kenyte  boulders  marking  the  outcrop  of 
basaltic  tuffs  and  agglomerates  farther  inland  from  the  cape  ‘have  been  weathered  out 
from  the  basalt,  and  have  not  been  deposited  on  the  beds  by  glacial  action.  Many  of 
these  kenyte  boulders  were  burnt  a  brick  red  and  coloured  with  sulphur,  as  if  they  had 
been  part  of  the  lining  of  the  vent  by  which  the  basalt  was  poured  out,  and  had  been 
torn  off  by  the  explosive  action  of  the  steam  and  gases  accompanying  the  eruption’  (p. 
220).  They  considered  on  this  evidence  that  the  basalts  of  Cape  Barne  were  younger 
than  the  older  beds  of  kenyte,  but  that  ‘  the  kenyte  of  the  newest  of  the  Erebus  craters 
is  more  recent  than  the  basalts  of  Cape  Barne’  and  that  the  lava  of  Cape  Barne  is  the 
product  of  a  subsidiary  reservoir. 

Debenham,  on  the  other  hand,  while  holding  for  certain  reasons  (not  precisely  stated) 
that  the  basalt  would  have  penetrated  flows  from  Erebus,  considers  on  the  field  evidence 
that  the  Cape  Barne  basalts  are  definitely  older  than  most  of  the  lavas  composing  the 
district  but  probably  much  younger  than  the  trachyte  remnants  of  Mount  Cis.  He  did 
not  find  any  kenyte  fragments  in  the  basaltic  tuffs  on  Cape  Barne,  and  he  found  on  the 
north  side  of  the  basaltic  area,  i.e.  inland  from  Cape  Barne,  that  the  basalts  are  overlain 
by  kenyte  flows  (op.  cit.  p.  16).  From  the  general  appearance  of  the  landward  sides  of 
the  basaltic  tuff  cones  he  compared  them  in  age  with  some  of  the  older  crater  cones  of  the 
Hut  Point  Peninsula,  another  basalt  area  to  which  full  reference  will  be  made  below. 

Farther  round  the  coast  on  the  south  side  of  the  Barne  Glacier  is  the  low  promontory 
of  Cape  Evans  (formerly  The  Skuary,  see  Fig.  2).  A  sketch-map  of  the  cape  and  many 
illustrations  of  its  rocks  and  glaciers  is  given  in  a  memoir  by  Dr  Griffith  Taylor*  in  which 
the  physiography  of  the  area  is  described,  and  Professor  Debenham  added  a  short  account 
of  the  rocks  and  their  relation  to  other  outcrops  along  the  coast  in  his  slightly  later 
memoir  (op.  cit.  p.  1 7) .  A  fuller  account  of  the  moraines  and  brief  mention  of  the  country 


*  Taylor  (Griffith),  The  physiography  of  the  McMurdo  Sound  and  Granite  Harbour  region.  Brit. 
Ant.  (Terra  Nova)  Exp.,  1910-1913,  1922,  fig.  82  and  pis.  76-98. 
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rock  was  given  by  David  and  Priestley  (op.  cit.  p,  227).  They  describe  tbe  country  rock 
as  a  compact,  brownish  kenyte  somewhat  lighter  coloured  than -those  met  with  at  Cape 
Royds,  and  with  rather  lighter  coloured  porphyritic  feldspars.  They  noted  that  the 
feldspars  weathered  out  of  the  rocks*  were  so  imaltered,  chemically,  that  they  were 


Fig.  2.  Map  of  Cape  Evans  based  on  the  plane-table  survey  by  F.  Debenham. 


almost  transparent  and  a  very  light  yellowish  colour,  and  that  the  cliffs  in  places  from 
80  to  100  feet  in  height  seemed  to  consist  of  lava-flows  one  above  the  other,  and  with 
scarcely  any  dip.  Most  of  the  exposed  land,  about  2|  square  miles,  is  covered  with 
morainic  material  that  seems  to  be  mainly  of  local  extraction.  Debenham  found  in  the 
shelf  of  ice  and  moraine  behind  the  cape,  peculiar  loose  and  fine-gTained  tuff’s.  These,  he 
considers,  are  definite  evidence  of  deposition  in  water  higher  up  the  mountain  and  that 

*  The  weathering  of  the  rocks  resulting  in  the  release  of  the  feldspars  was  later  again  observed  by 
Griffith  Taylor,  who  referred  to  the  product  as  ‘rock  meal’  (op.  cit.  p.  40  and  pi.  48). 
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the  water  may  have  been  due  to  melting  of  ice  by  volcanic  action.  He  suggests  that  the 
lavas  are  typical  kenytes  but  of  a  more  acid  character  than  those  of  Cape  Royds 
(op.  cit.  p.  17  and  pi.  8).  This  may  have  been  suggested  by  the  observation 
already  made  also  by  David  and  Priestley  that  they  are  lighter  coloured,  but, 
to  judge  from  the  hand-specimens,  these  lighter  rocks  are  not  the  most  typical.  All 
the  specimens  from  Cape  Evans  in  Debenham’s  collection,  whether  in  situ  or  erratic,  are 
kenytes.  They  range  in  colour  from  black  to  gney  and  greenish  grey  and  through  various 
shades  of  red.  All  show  abundant  insets  of  feldspar  of  the  characteristic  rhomb  form 
(PI.  1,  Fig.  1).  The  lava  in  situ  under  the  Barne  Glacier  [DsE]  is  dark  grey  and  so  is 
that  from  the  base  of  the  outcrop  at  The  Slipper  [D26E].  A  black  glassy  type  forms  the 
upper  edge  of  the  same  outcrop  [D27E].  Red  and  brown  kenytes  are  erratics  from  close 
to  the  hut  [DsE]  and  the  upper  slope  of  the  Barne  Glacier  moraine  [DllE].  The  very 
light-coloured  kenytes  are  quite  peculiar.  Some  have  a  devitrified  glassy  base,  but  others 
have  a  holocrystalline  groundmass  rather  unusually  coarse-grained  and  all  carry  abundant 
very  pale  cream-coloured  feldspars  of  the  characteristic  kenyte  shape.  These  rocks  may 
have  some  of  the  characters  of  sanidinites  in  trachytic  lavas  and  may  occur  as  inclusions 
in  the  more  usual  types  of  kenybe  lava  (p.  53  and  PI.  2,  Fig.  1). 

The  last  and  most  southerly  rocky  outcrop  still  forming  part  of  the  main  mass  of 
Erebus  is  in  the  Turk’s  Head  district.  Here  two  isolated  points  of  rock.  Seal  Rookery 
and  Turk’s  Head  to  the  south-east,  are  separated  by  a  glacier.  The  section  of  the  cliff 
at  Turk’s  Head  was  described  in  detail  by  David  and  Priestley  (op.  cit.  p.  226).  It  is 
in  general  confirmed  by  the  description  given  by  Debenham.  Pictures  of  the  cliffs 
are  given  in  Griffith  Taylor’s  account  of  the  physiography  of  McMurdo  Sound  as  well, 
and  he  also  described  the  effects  of  frost  and  wind  action  there  (op.  cit.  pp.  41-2,  pi.  37, 
55,  and  56).  Debenham  says:  ‘The  most  prominent  rock  is  a  peculiar  tuff  [DlOT] 
or  agglomerate  which  appears  to  form  what  may  be  called  the  foundation  of  the  two 
capes  as  far  as  can  be  seen.  It  .  .  .  may  in  general  be  described  as  a  massive  tuff  with 
comparatively  little  matrix,  the  whole  having  a  reddish  hue  and  occurring  in  thick  masses 
rather  than  in  beds  or  definite  strata.’  He  notes  that  it  is  quite  different  from  any  of 
the  tuffs  found  on  the  west  coast  of  Ross  Island  and  that  the  ‘  kenyte  ’  which  consti¬ 
tutes  the  bulk  of  its  fragmental  material  is  also  distinct  in  character.  The  blocks  of 
lava  in  this  agglomerate  are  both  large  and  very  numerous.  David  and  Priestley  noted 
that  many  of  them  are  18  inches  to  2  feet  in  diameter.  These  authors  and  Debenham 
remark  that  the  feldspar  crystals  within  the  rounded  blocks  of  lava  have  a  well-marked 
concentric  arrangement  (Debenham,  op.  cit.  pi.  11  and  p.  23). 

The  coarse  agglomerate  on  Turk’s  Head  is  ‘  overlain  in  the  direction  of  Erebus  by  a 
series  of  dense  kenytes  dipping  to  the  north  and  west’.  David  and  Priestley  recorded  a 
dip  of  about  45°  to  the  north-west.  The  feldspars  in  these  lavas  are  ‘in  shape  very  flat¬ 
tened  and  plate-like,  arranged  with  an  orientation  usually  parallel  to  the  dip  of  the  flows, 
but  occasionally  arranged  in  a  way  which  gives  a  beautiful  curvilinear  flow  structure  to 
the  rock’  (op.  cit.  p.  226). 
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The  specimens  of  lavas  with  tabular,  platy  feldspars  from  Turk’s  Head  are  por- 
phyritic  (feldspar-phyric)  ‘  olivine-basalts  ’  or  basanites.  Examples  are  a  glassy  variety 
[DlT]  collected  by  T.  Gran,  D4T  from  the  east  summit  cone,  D8T  from  the  base  of 
Turk’s  Head,  and  D9T,  a  small,  rounded  block  with  a  black,  glassy  base  from  the  tuffs 
at  the  summit.  Jensen  described  some  of  these  rocks  with  tabular  plagioclase  insets 
[Jll]  from  David  and  Priestley’s  collection  as  ‘basic  kenytes’  (op.  cit.  p.  108).  In 
addition  to  these  ‘  basalts  ’  there  are  also  specimens  of  typical  kenytes  from  the  summit 
[D2T],  black,  glassy  kenyte,  and  two  others,  red-weathered  and  vesicular  [DoT],  found 
in  the  debris  on  the  summit  by  Tryggve  Gran.  It  is  not  stated  that  these  were 
in  situ,  but  it  may  be  noted  that  tuff  from  the  summit  [D7T]  contains  crystals  of  anortho- 
clase. 

The  tuffs  range  in  ground  colom?  in  hand-specimens  from  pinkish  buff  to  deep  oHve, 
and  from  pale  brownish  vinaceous  to  deep  livid  brown.  In  the  field  the  prevailing  colom: 
is  evidently  a  red  hue.  One  from  the  summit  has  small  lapilli  of  black  glass  and  crystals 
of  anorthoclase  in  a  deep  olive  base  and  recalls  the  appearance  of  some  tuffs  from  Cape 
Koyds  [D7R]  and  perhaps  that  from  cone  G  [D20O].  Somewhat  similar  are  the  speci¬ 
mens  from  the  base  of  Tuff  Bluff  taken  within  a  foot  of  each  other  and  showing  great 
variation  in  grain-size  but  all  agreeing  in  being  composed  of  angular  fragments  of  brown 
glass  and  feldspar,  in  this  case  plagioclase. 

Debenham  has  remarked  that  both  rock  fragments  and  matrix  in  these  tuffs  have 
points  of  resemblance  to  the  tuffs  and  included  blocks  of  the  The  Fang,  part  of  the  oldest 
crater  of  Erebus,  but  he  thinks  that  they  must  have  had  a  distinct  origin,  because  such 
enormous  blocks  of  lava  as  they  contain  could  hardly  have  been  thrown  far  from  the 
eruptive  centre.  On  the  western  and  smaller  promontory  (Seal  Rookery?)  he  records 
tuffs  with  a  steep  dip  to  the  north  and  a  thin  lava-flow  has  a  similar  dip  (op.  cit.  p.  23). 
As  noted  above,  at  Turk’s  Head  he  records  lava  dipping  north  and  west,  ‘  making  more 
conclusive  the  evidence  that  all  the  material  of  Tirrk’s  Head  originated  in  the  direction  of 
the  Erebus  Bay  Glacier  Tongue’,  that  is,  to  the  south  and  south-east. 

The  Dellbridge  group  consists  of  four  small  islands  :  Inaccessible,  Big  and  Little 
Razorback,  and  Tent.  The  most  northerly  of  the  group.  Inaccessible  Island,  is  only  about 
2  miles  to  the  south  of  Cape  Evans  and  6  west  of  Turk’s  Head.  David  and  Priestley 
record  rock-specimens  secured  on  brief  visits  to  the  island  by  Sir  Ernest  Shackleton,  who 
walked  there  from  Cape  Royds,  and  by  two  parties  of  his  expedition  in  1908.  They  re¬ 
port  the  rocks  as  trachytes,  basalt,  kenyte,  and  tuff.  The  trachyte  collected  in  situ  by 
Sir  Ernest  Shackleton  was  from  a  flow  beneath  basalt.  In  these  reports  the  name  kenyte 
is  given  indiscriminately  to  both  the  typical  ken3d;e  of  Mount  Erebus  and  the  ‘basic 
kenytes’  with  thin  platy  feldspars.  The  rocks  in  Debenham’s  collection  are  trachytes 
and  basalts  or  basanites  with  abundant  tabular  feldspar  insets  and  thus  resembling 
Jensen’s  ‘basic  kenytes’  in  hand-specimens.  There  are  no  true  kenytes  in  Debenham’s 
collection  from  the  island  and  only  one  ‘basic  kenyte’  [D25l]  (see  p."74).  The  appear¬ 
ance  of  Inaccessible  Island  and  its  cliffs  is  well  shown  in  two  plates  in  David  and  Priestley’s 
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memoir  (op.  cit.  pi.  72  and  73)  and  in  two  figures  in  Griffith  Taylor’s  memoir  (op.  cit. 
figs.  18  and  20).  Debenham  has  described  the  general  structure  of  the  island,  as 
best  seen  from  the  south  side.  The  lower  200  feet  of  the  slopes  are  formed  of  a  dark 
‘  kenyte  ’  in  many  separate  flows.  Above  this  is  another  200  feet  of  a  blue-grey  ‘  kenyte 
the  two  being  separated  by  a  thin  band  of  fine-grained  black  lava.  The  blue-grey  upper 
lavas  have  a  dip  of  10°  to  30°  to  the  north-west,  and  they  form  the  whole  of  the  northern 
slopes  of  the  island.  A  few  thin  beds  of  red  and  yellow  tuff  can  be  seen  low  down  on  the 
southern  side  bedded  between  the  lava  flows.  He  notes  that  many  of  the  lavas  are 
‘trachytic  in  structure  and  more  acid  than  most  of  the  kenytes’,  and  that  the  dips  of  the 
lavas  all  point  to  a  centre  of  eruption  to  the  south  and  west  of  the  island  where  there  is 
now  no  sign  of  land.  Both  facts,  he  considers,  indicate  that  the  lavas  are  the  product  of 
an  old  centre  of  eruption  much  older  than  that  which  gave  rise  to  the  lavas  of  Cape  Royds, 
Cape  Evans,  and,  of  course,  Erebus  (op.  cit.  p.  18). 

The  specimens  referred  to  in  the  held  description  above  as  ‘kenytes’,  that  prove  on 
examination  under  the  microscope  to  be  basalts  or  basanites,  are : 

DSl  Typical  grey  kenyte  (salt  encrusted)  of  northern  lower  cliffs. 

Del  A  glassy  type  from  the  eastern  cliffs,  50  feet  up. 

DlOl  From  upper  part  of  the  island. 

D20l  Summit,  west  end,  in  situ. 

D26l  Lava,  at  base,  near  couloir. 

D27I  From  upper  slopes. 

D30l  At  top  of  east  peak,  in  situ. 

The  trachytoid  phonolites  are,  with  the  exception  of  D3l  from  the  lower  northern 
slopes,  all  from  the  eastern  end  of  the  island  and,  in  general,  low  down. 

In  addition  to  the  lavas  a  munber  of  rather  coarse-grained  inclusions  from  the  lavas 
were  also  collected. 

It  was  at  the  eastern  end  of  the  island  that  Debenham  (op.  cit.  p.  18)  noted:  ‘a 
confused  mass  of  lavas  and  tuffs  which  has  the  appearance  of  a  pipe  or  plug  of  a  vent ; 
but  .  .  .  may  simply  represent  heavy  settlements  or  local  disruptions  which  have 
destroyed  the  otherwise  uniform  lie  of  the  lavas’. 

Tent  Island,  somewhat  less  than  a  mile  south  of  Inaccessible,  has  also  been  described 
by  Debenham,  and  a  sketch-map  shows  its  surface  features  and  the  distribution  of  scree, 
gravel,  and  rocky  outcrops  (op.  cit.  p.  18  and  flg.  6).  The  lower  50  feet  of  the  cliffs  all 
round  the  island  shows  coarse  tuff  containing  boulders  which  Debenham  described  in  the 
field  as  ‘grey  kenyte’.  At  the  NW.  end  of  the  island  these  boulders  [D43E]  are  all 
dark  grey  to  black  or  red- weathered  somewhat  vesicular  basalts,  or  basanites,  with  small 
insets  of  feldspar.  The  lavas  above  and  below  the  tuff  on  the  west  side  [D44  and  45E] 
are  dark  grey  to  black  basalts,  or  basanites,  with  tabular  feldspars  in  a  trachytic 
textured  groundmass.  Another  outcrop  beside  one  of  the  two  small  deltas  on  the  west 
side  is  a  dark  grey  trachyte  [D2lE]  and  fragments  from  the  tuff  on  the  west  side,  and  the 
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‘basalt’  underlying  the  tuff  are  also  tracbytes,  somewbat  paler,  olive-grey  in  colour 
[D24E].  At  the  SE.  end  the  lava  above  the  tuff  is  a  glassy  basalt  with  abundant  plagio- 
clase  insets  [D47E],  and  similar  rocks  were  found  forming  the  base  of  the  cliffs  on  the 
south  side  [D42E],  intruding  through  the  tuff  on  the  SW.  side  [D46E],  forming  the  summit 
above  a  gully  on  the  west  side  [D39E],  and  on  the  south  summit  [DlSE]. 

The  tuffs  themselves  are  represented  in  the  collection  by  specimens  from  the  west 
side  and  SW.  end  [D37E  and  D38E].  They  are  dark  grey,  rather  friable,  and  full  of 
fragments  of  feldspar,  pyroxene,  olivine,  small  blebs  of  black  glass,  and  many  lapilli  of 
dense  or  glassy  rocks.  About  twenty  specimens  were  collected  by  C.  S.  Wright,  glaciolo¬ 
gist  to  the  Expedition,  and  many  of  these  are  ‘  bombs  ’  from  the  tuffs  or  inclusions  in  the 
lavas  (PI.  2,  Fig.  1)  such  as  were  also  found  on  Inaccessible  Island.  Debenham  has  given 
an  excellent  photograph  of  the  coarse  tuff  of  Tent  Island  (op.  cit.  pi.  9). 

Four  specimens  from  the  island  [D6lE]  were  collected  by  Demetri.  These  sur¬ 
prisingly  include  two  kenytes  and  a  ‘basic  kenyte’  as  well  as  a  glassy  basalt.  True 
kenytes  are  not  otherwise  found  in  the  Dellbridge  group,*  but  according  to  Debenham 
‘  grey  kenyte  .  .  .  similar  to,  but  not  exactly  the  same  as,  the  upper  grey  lavas  of  Inacces¬ 
sible’  surmount  the  tuffs  at  the  northern  end  of  the  island  j  (op.  cit.  p.  19).  Professor 
Debenham  was  inclined  to  regard  Tent  Island  and  Inaccessible  Island  as  remnants  of  the 
same  former  large  volcanic  cone. 

Only  2  miles  east  of  Tent  Island  but  apparently  structurally  quite  distinct  from  the 
two  larger  islands  are  the  Razorback  Islands,  Big  and  Little.  The  lavas  of  Big  Razor- 
back  are  olive-grey  to  black  vesicular  trachytes,  some  showing  many  feldspar  insets. 
The  darker  specimens  have  a  glassy  base  and  are  vesicular  [D30E].  A  remarkable 
turret-shaped  mass  at  the  western  end  (op.  cit.  pi.  10a  and  fig.  7)  may  be  one  of  the  original 
vents.  It  consists  of  the  same  kind  of  trachyte  as  those  from  the  base  of  the  cliff  both 
below  the  Turret  [D29E]  and  in  the  middle  of  the  island  [D3lE].  Debenham  has  also 
recorded  irregular  masses  of  coarse  red  and  brown  tuff  at  the  base  of  the  Turret  and  a 
fine-gTained  tuff  bed  half-way  up  the  cliff  among  the  lavas  at  the  eastern  end. 

The  specimens  from  Little  Razorback,  from  the  summit  [D35E],  and  from  the  base,  at 
the  west  and  at  the  south-west  end  [D33  and  34E],  are  olivaceous  black  and  dark  quaker- 
drab,  somewhat  vesicular  lavas  which  must  be  classed  as  basalts,  or  trachybasalts, 
rather  than  trachytes  of  any  sort  (see  p.  88).  Only  the  paler,  deep  mouse-grey  por- 
phyritic  lava  [D32E]  from  the  base  at  the  east  end  (named  kenyte  in  the  field)  can  be 
classed  as  of  the  same  kind  as  the  trachytes  of  Big  Razorback.  Debenham  unites  of  this 
island  (op.  cit.  p.  22):  ‘.  .  .  though  over  half  a  mile  distant  [from  Big  Razorback,  it]  is 
strikingly  similar  both  in  shape  and  structure.  The  flows  of  trachyte  are  thinner  and 


*  In  Tent  Island  one  of  the  boulders  [D43E]  in  the  tuffs  at  the  north-west  end  and  one  weathered  block 
from  the  summit  of  Inaccessible  Island  [D25I]  may  be  ‘  basic  ken}de  ’. 

t  The  only  specimens  in  the  collection  are  inclusions  [D17E  and  D19E]  described  as  ‘in  tj’pical  kenyte 
of  the  northern  half’  of  the  island.  The  host  rock  may  have  been  a  porphyritic  basalt  or  ‘  basic  kenyte  ’  (see 
p.  54). 


THE  VOLCANIC  EOCKS  OF  THE  ROSS  ARCHIPELAGO 


15 


show  a  dip  of  two  or  three  degrees  away  from  the  larger  island.  Seven  or  eight  separate 
flows  of  lava  make  up  the  whole  of  the  visible  part  of  the  island,  those  at  the  base  being 
thicker  and  a  deeper  grey  than  the  upper  ones  (see  pi.  10  (6)).  Inter-bedded  between  the 
flows  are  thin  irregular  bands  of  red  rubble,  which  represent  surface  debris  rolled  over  and 
imprisoned  between  the  flows.  The  latter  show  excellent  examples  of  upper  and  lower 
cooling  surfaces  fine-grained,  vesicular  and  rough.  From  the  comparative  thinness  we 
may  suppose  that  the  trachyte  had  a  high  degree  of  fluidity.  We  know  nothing  of  the 
sea  floor  between  the  two  islands  except  that,  one-third  of  the  way  from  the  smaller  to  the 
larger,  there  was  a  berg  about  20  feet  high,  which  had  grounded,  from  which  it  seems 
legitimate  to  presume  a  submarine  ridge  connecting  the  two’.  In  point  of  age,  Deben- 
ham  suggested  they  should  be  correlated  with  Mount  Cis  and  with  the  trachytic  rocks  of 
Observation  Hill  on  Cape  Armitage,  12  miles  to  the  south. 

Cape  Armitage  is  the  southern  point  of  Hut  Point  Peninsula.  Close  to  the  cape  and 
rather  separated  from  the  rest  of  the  peninsula  is  Observation  Hill,  760  feet,  now  well 
known  to  many  as  the  site  on  which  was  erected  in  January,  1913,  the  large  wooden 
memorial  cross  to  Captain  Scott,  Dr.  E.  A.  Wilson,  Captain  L.  E.  G.  Oates,  Lieutenant 
H.  R.  Bowers,  and  Petty  Officer  E.  Evans,  who  died  on  their  return  from  the  Pole  in 
March,  1912.  This  hill  consists  of  trachytes.  They  were  described  by  G.  T.  Prior  from 
material  collected  by  Ferrar*  in  the  Discovery  Expedition,  1901-4,  and  further  material 
was  collected  by  Debenham  and  outcrops  were  mapped  on  the  plane-table  chart  (Map  H). 
Debenham  also  found  trachyte  outcrops  at  two  points  on  Crater  Heights,  a  plateau 
between  Crater  Hill  and  Observation  Hill.  These  trachytes  are  in  kind  related 
to  those  found  on  Inaccessible  Island  and  also,  but  perhaps  less  closely,  to  the  trachytes 
of  Mount  Cis  and  Abbott’s  Peak.  They  are  thought  by  Debenham  to  belong  to  an  early 
phase  of  the  vulcanicity.  He  is  inclined  to  regard  as  still  older  ‘  the  turret-shaped  mass  of 
Castle  Rock  rising  some  400  feet  above  the  general  level  of  the  peninsula  ’.  This  consists 
of  tuffs.  They  are  yellowish  ochraceous  buff  to  tawny  or  ochraceous  tawny  in  colour 
and  contain  fragments  of  dense,  aphanitic,  black  basalts.  In  hand-specimens  they  recall 
in  appearance  some  palagonite-tuffs.  It  is  doubtful  if  their  age  relative  to  the  trachytes 
and  later  basalts  can  be  guessed  from  their  composition.  Prior  described  the  specimens 
collected  by  Ferrar  at  Castle  Rock  as  palagonite-tuff,  and  Ferrar  recorded  basalt  from 
the  lower  part  of  the  crag  and  as  fragments  strewing  the  summit. 

Debenham  found  palagonitic  basalt-tuffs  [D23H,  D28H]  at  a  much  lower  elevation, 
between  250  and  400  feet  above  sea-level,  at  Boulder  Cones,  f  mile  west  of  Castle  Rock, 
associated  with  olivine-basalts,  ‘  of  the  kind  usually  associated  with  the  later  stages  of  a 
cycle  of  eruption  when  magmatic  differentiation  has  proceeded  towards  its  limits; 
nodules  of  pure  olivine  are  common,  and  the  basalts  are  dense  and  heavy’  (op.  cit.  p.  25). 
Back  northwards  along  the  coast  towards  Turk’s  Head  and  5|  miles  north  of  Boulder 


*  Ferrar  (H.  T.),  National  Antarctic  Exp.,  1901-1904,  Nat.  Hist.,  vol.  1,  Geology,  1907,  p.  12. 
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Cones  at  Hutton  Cliffs  other  palagonitic  basalt-tuffs  occur  [D2lH].  This  occurrence  was 
fully  described  by  Ferrar  (op.  cit.  p.  11).  Specimens  [D2lH]  were  collected  by  Trygg\"e 
Gran.  They  are  tuffs  containing  many  dark  fragments  of  basalt.  The  ground  colour 
varies  from  greenish-yellow  to  dusky  olive-green  and  deep  olive.  About  l^-  miles  SW. 
of  Hutton  Cliffs,  on  Turtle  Rock  (Turtle  Back  Island  of  the  Discovery  reports),  ‘the  main 
mass  of  the  island  consists  of  fine-grained  fragments  of  olivine-basalt  (449)  ’  and  ‘  black 
augite-olivine  nodules  are  common’  (Ferrar,  op.  cit.  p.  14). 

All  the  other  rocks  collected  in  situ  on  Hut  Point  Peninsula  are  black,  dense  olivine- 
basalts  and  their  scoriaceous  vesicular  equivalents.  At  many  places  marked  on  the  plane- 
table  chart,  one  of  which  is  Sulphur  Cones,  the  lavas  contain  many  nodules  of  olhdne 
or  other  ‘gabbroid’  rocks  [D24H]  (p.  80).  It  may  be  noted  here  that  a  basalt  from 
Half  Moon  Crater,  south  of  Castle  Rock,  is  hornblende-bearing  [249].  Many  loose 
crystals  of  augite  were  found  on  the  north-west  side  of  Observation  Hill  [DlOH]  and  in 
lavas  at  the  top  of  the  Ski  Slope  [DllH].  The  olivine,  pyroxene,  and  gabbroid  nodules 
in  the  basic  rocks  (basalts  and  limburgites)  of  Hut  Point  were  described  by  G.  T.  Prior  *  in 
1907  and  by  J.  Allan  Thomsonf  in  1916 :  Debenham  has  noted  in  addition  that  ‘numerous 
examples  of  sedimentary  inclusions  have  been  found  on  the  peninsula,  indicating  that  the 
fissure  formed  in  the  old  sedimentary  rocks  was  widened  by  masses  being  torn  off  by  the 
ascending  magmas’  (op.  cit.  p.  26). 

East  of  Hut  Point  Peninsula  Mr.  Hodgson  of  the  Discovery  Expedition  collected 
bedded  yellow  tuffs  and  some  fragments  of  vesicular  basalt  at  Sultan’s  Head,  and 
coarse  yellow  tuff,  red  vesicular  basalt,  and  a  basaltic  bomb  from  the  V-Cliff  (V-Cliffs 
Hogsback,  Ferrar,  op.  cit.  p.  10). 

East  again  of  these  points  no  other  accessible  rock  outcrops  are  known  round  the 
coast  of  Ross  Island  until  one  comes  to  Cape  Crozier,  50  miles  ENE.  from  Cape  Armitage, 
on  the  far  side  of  the  Ross  Barrier.  Debenham  has  described  the  geology  of  the  cliff 
at  Cape  Crozier  and  of  The  Knoll  above  it  (op.  cit.  p.  8).  The  Knoll  is  a  volcanic  cone. 
The  face  of  the  cliff,  which  varies  from  200  to  400  feet  in  height,  ‘  shows  bedded  lavas  and 
tuffs,  and  towards  the  base  are  several  lenticular  patches  of  columnar  basalt  which  were 
probably  not  surface  flows  but  were  injected  from  the  main  vent.  The  lava  from  The 
Knoll  is  a  fine-gnained  basalt  and  on  the  surface  are  many  volcanic  bombs  and  other 
evidence  of  explosions  on  a  small  scale.  The  tuffs  of  the  cliff  are  brown  palagonite-tuff, 
composed  of  particles  of  the  same  basaltic  kind  of  lava’. 

‘From  the  Knoll  easy  slopes  of  debris  and  lava  lead  to  a  gToup  of  hills  round  the  large 
penguin  rookery,  some  four  miles  to  the  north-west.  Most  of  these  are  fairly  recent 
parasitic  cones  which  produced  basalt,  but  a  denuded  cone,  1,400  feet  in  height,  im¬ 
mediately  to  the  south  of  the  rookery,  consists  of  a  trachyte  very  similar  in  character  to 


*  Prior  (G.  T.),  National  Antarctic  Exp.  1901-1904,  Nat.  Hist.,  vol.  1,  Geology,  1907,  p.  107. 
f  Thomson  (J.  Allan),  Brit.  Ant.  Exp.  1907-9,  Geology,  vol.  2,  1916,  p.  131. 
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that  of  Observation  Hill’  (op.  cit.  p.  8  and  pi.  1,  2,  and  3).  This  trachyte  dome  was 
described  by  Ferrar  and  the  rock  and  other  specimens  of  trachyte  were  briefly  mentioned 
by  Prior  (op.  cit.  p.  115).  Ferrar  had  also  described  the  palagonite-tufl  of  the  cliff  at 
sea-level  at  Cape  Crozier  [228  to  230].  Half  a  mile  west  of  the  rounded  knoll  of  trachyte 
referred  to  above  he  records  a  boss  about  900  feet  high  of  which:  ‘the  rock  (176)  is  a 
limburgite  containing  red  and  green  olivine-augite  nodules’  (op.  cit.  p.  11).  Ferrar  also 
records  specimens  collected  by  Dr.  E.  A.  Wilson;  basalt  scoria  [824]  and  limburgite  [825] 
from  cones  on  the  east  side  of  Mount  Terror  above  the  Ross  Barrier ;  and  from  Crozier 
Cliffs  columnar  basalt  [830],  which  forms  the  mass  of  the  cliffs  and  reaches  a  height  of  800 
feet  above  sea-level;  and  a  yellow  trachytic  rock  [831]  occurring  in  irregular  lenticles  in 
the  mass  of  the  cliff. 

Lastly  one  may  mention  the  northernmost  point  of  Ross  Island,  Cape  Bird.  Mount 
Bird  itself  has  never  been  visited.  What  little  is  known  about  it  has  been  told  by 
Debenham  (op.  cit.  pp.  4,  5,  and  11).  At  Cape  Bird  two  landings  were  effected  in  1909, 
Sir  Douglas  Mawson  collecting  a  number  of  specimens  of  the  rocks,  mostly  loose  pieces. 
These  have  been  described  by  H.  I.  Jensen  (op.  cit.  pp.  118-26).  Some  of  them  were  in 
situ  from  the  agglomerate  at  the  place  where  the  landing  was  made. 

Jensen  describes  alkali- trachytes,  hornblende-bearing  trachydolerites  referred  to 
kulaite,  basanite,  alkaline  dolerite,  and  limburgitic  dolerite.  No  kenytes  were  found  in 
Mawson’s  collection,  and  this  confirms  Debenham’s  supposition  that:  ‘there  is  no  close 
relation  between  the  magmas,  and  that  the  history  of  Mount  Bird  is  in  a  sense  distinct 
from  that  of  the  central  mountain  [Erebus]’  (op.  cit.  p.  11).  It  is  unfortunately  a  region 
very  difficult  of  access  either  by  land  or  sea.  Lieutenant  Macintosh  and  McGillan  landed 
on  the  Cape  on  January  3,  1909,  and  without  equipment  or  sleeping-bags  they  achieved 
the  crossing  to  Cape  Royds,  ‘a  feat’,  as  Debenham  remarks,  ‘not  lightly  to  be  repeated’. 
Jensen  (op.  cit.  p.  126)  states  that  Prior  recorded  basaltic  hornblende  in  certain  basalts 
of  Cape  Bird,  implying  that  the  Discovery  Expedition  landed  and  collected  there,  but 
this  is  not  so.  It  is  probable  that  ‘Cape  Bird’  is  a  mistake  for  ‘Cape  Adare’. 

For  information  of  the  rocks  in  situ  on  other  islands  of  the  Ross  Archipelago  one  must 
go  to  the  report  of  the  Discovery  Expedition.  Rocks  were  collected  on  several  of  the 
islands  by  Ferrar  and  others  and  were  described  by  Prior.  The  islands  concerned  lie  to 
the  south  of  Ross  Island.  They  are  White  Island,  Black  Island,  Brown  Island,  and 
Minna  Bluff,  these  last  two  connected  by  low  isthmuses  with  the  main  mass  of  Mount 
Discovery. 

White  Island  was  visited  by  Sir  Ernest  Shackleton  with  Dr.  Wilson  and  Ferrar  in 

1902.  ‘The  only  rock  obtained  from  it  in  situ  is  a  black  hornblende-olivine-basalt  (311), 

which  occurs  as  a  boss  on  the  summit.  One  or  two  crateriform  depressions  occur  on  the 

lower  portions  of  the  island,  and  there  seems  little  doubt  that  the  whole  island  consists 

of  volcanic  rock’  (Ferrar,  op.  cit.  p.  14-15).  On  Black  Island,  adjacent  to  White  Island 

on  the  west,  Ferrar  collected  compact  and  vesicular  basalts,  a  phonolite  or  phonolitic 

trachyte  [530]  and  a  yellow  trachytic  rock  [609,  610].  Of  this  last  Ferrar  wrote:  ‘It 
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appeared  to  be  a  dyke  nearly  a  quarter  of  a  mile  wide  breaking  through  the  black  basaltic 
rock’  (op.  cit.  p.  14).  Debenham  states;  ‘The  greater  part  of  the  island  seems  to  be 
composed  of  basaltic  lavas  very  similar  to  those  of  Hut  Point,  but  on  the  eastern  side 
there  is  one  large  occurrence  of  trachytic  lava  which  is  older  than  the  basalt  and  bears 
probably  the  same  time  relation  to  it  as  does  Observation  Hill  to  Crater  Hill’  (op.  cit. 
p.  29). 

Brown  Island,  to  the  west  of  Black  Island  and  adjoining  Mount  Discovery,  was  also 
visited  by  a  party  from  the  Discovery,  and  Ferrar  collected;  red  vesicular  basalts  [605],  a 
hornblende-basalt  [608],  a  banded  yellow  rock  (phonolitic  trachyte)  on  the  north  side 
[598,  600],  and  a  white  phonolitic  trachyte  [606,  607]  from  the  crater.  The  lower  surface 
was  covered  with  black,  smooth,  loose  fragments  of  basalt  [603]  (Ferrar,  op.  cit.  p.  15, 
and  Prior,  p.  115).  The  Dailey  Islands,  five  small  islands  to  the  north  of  Bro^vn  Island, 
seem  to  consist  of  ‘basaltic  rocks  of  limburgite  type  [510]’  (Ferrar,  op.  cit.  p.  15). 

Of  Minna  Bluff,  Mount  Discovery,  and  Mount  Morning  nothing  is  kno’wn  except 
from  distant  observation.  Specimens  of  basaltic  and  phonolitic  rocks  [619  and  622] 
were  obtained  by  the  Discovery  Expedition  from  the  south-east  end  of  j\Iinna  Bluff 
(Ferrar,  op.  cit.  p.  21),  and  Debenham  has  described  the  volcanic  features  both  here  and 
on  Moimt  Morning  and  Mount  Discovery  (op.  cit.  pp.  30-1). 

Although  this  part  of  the  report  is  concerned  with  the  Ross  Archipelago,  it  is 
necessary  to  describe  also  the  basalts  from  the  few  small  exposures  on  the  mainland 
opposite  Ross  Island  that  were  investigated  by  Griffith  Taylor  and  Debenham. 

The  likelihood  of  relatively  recent  basalts  being  found  on  the  mainland  had  been 
indicated  in  1907  by  Prior’s  recognition  of  one  of  Ferrar ’s  specimens  [718]  from  the  scree 
slope  at  Cathedral  Rocks,  on  the  south  side  of  the  Lower  Ferrar  Glacier,  as  a  basalt  that 
had  a  ‘  much  closer  relationship  to  the  recent  basalts  of  the  Ross  Archipelago  than  to  the 
dolerites  of  the  Ferrar  Glacier’  (Prior,  op.  cit.  p.  106). 

On  the  Terra  Nova  Expedition  basalts  were  collected  in  two  distinct  areas;  one  up 
the  Koettlitz  Glacier  valley;  the  other  on  the  borders  of  the  Taylor  Glacier,  west  of  the 
Kulo'i  Hills.  These  basalt  outcrops  and  the  craters  are  briefly  mentioned  by  Griffith 
Taylor  in  his  memoir  on  the  physiography  of  the  region,  and  he  remarks  on  their  particu¬ 
lar  interest  as  affording  evidence  of  eruptive  activity  on  the  mainland  since  the  major 
glaciation  of  the  continent.* 

In  the  Koettlitz  Glacier  valley  two  craters  are  marked  on  map  IV  and  a  crater  and  a 
lava-flow  are  shown  in  a  sketch  panorama  in  Griffith  Taylor’s  memoir.  One  of  them, 
the  crater,  is  4  miles  west  of  Heald  Island.  The  lava-flow  is  between  Howchin  Glacier 
and  Walcott  Glacier.  Taylor  refers  to  the  lava-flow  as  an  irregular  ridge  of  basic  lava 
which  marks  the  ridge  immediately  north  of  the  Walcott  Cirque  Glacier  (op.  cit.  p.  135, 


*  Taylor  (Griffith),  The  physiography  of  the  McMurdo  Sound  and  Granite  Harbour  region.  British 
Antarctic  (Terra  Nova)  Expedition,  1910-1913,  1922,  p.  135. 
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and  pi.  141).  He  collected  a  few  specimens  from  the  lava-flow  beside  the  Howchin 
Glacier,  2j  miles  from  Walcott  Glacier  [D3K,  DsK],  and  a  few  specimens  were  obtained 
also  from  a  moraine  opposite  Heald  Island  [D9K]  and  from  ‘Cape  Olivine’  [DISK]. 

In  the  Taylor  Valley  there  are  two  outcrops  of  recent  volcanics.  One  of  these, 
referred  to  in  Debenham’s  catalogue  as  Cheyenne  Crater,  is  at  2,500  feet  just  above  Lake 
Bonney  and  alongside  the  Rhone  Tributary  Cliff  Glacier.  The  crater  is  shown  in  a 
telephotognaph  (pi.  121)  in  Griffith  Taylor’s  memoir  standing  perched  on  the  ‘smooth 
glacial  shoulder  of  the  Taylor  Valley’  (op.  cit.  p.  135).  The  telephotograph  was  taken 
from  Alcove  Camp  on  the  Taylor  Glacier  from  which  Debenham  ascended  to  collect 
specimens  from  the  crater  [DsF,  DlOF],  and  from  another  ridge  formed  by  a  lava-flow  on 
the  opposite  side  of  the  Glacier.*  This  lava-flow  is  shown  in  a  sketch-panorama  (Taylor, 
op.  cit.  1922,  fig.  94)  looking  west  up  the  Taylor  Glacier  from  Bonney  Riegel  towards 
Solitary  Rocks. 


The  purpose  of  this  review  of  the  distribution  of  the  volcanic  rocks  has  been  to 
provide  a  background  for  the  detailed  petrography.  It  will  be  realized  that  much  more 
detail  as  to  field  relations  and  modes  of  occurrence  of  the  rocks  is  to  be  found  in  Professor 
Debenham’s  memoir  on  the  physiography  of  the  region  and  in  the  memoirs  of  Sir  T.  W. 
Edgeworth  David,  Sir  Raymond  E.  Priestley,  and  H.  T.  Ferrar,  to  which  so  many 
references  have  been  made  above. 

Summarizing  briefly,  the  main  groups  of  different  kinds  of  volcanic  rocks  encountered 

are: 

(1)  The  true  kenytes  of  Mount  Erebus  exposed  at  many  outcrops  on  the  mountain 
and  along  the  coast  from  Horseshoe  Point  by  Cape  Royds  and  Cape  Barne  to  Cape 
Evans  and  probably  also  at  Tmk’s  Head. 

(2)  Phonolitic  trachytes  of  several  types,  usually  localized  at  denuded  cones  with  an 
aged  appearance.  They  are  described  from  Mount  Cis  and  Abbott’s  Peak  on  the  slopes  of 
Erebus,  at  Observation  Hill  on  Hut  Point  Peninsula,  and  at  Cape  Crozier.  Among  the 
collections  of  the  earlier  expeditions  they  are  represented  also  from  Cape  Bird,  Black 
Island,  and  Brown  Island. 

(3)  Basalts  of  several  kinds  which  one  can  gToup  conveniently  under  three  headings : 

(а)  Basalts  (or  basanites)  with  abundant  thin  tabular  plagioclase  insets  and, 
associated  with  these,  other  olivine-basalts  with  insets  of  plagioclase,  augite,  and 
olivine. 

Rocks  of  this  group  were  found  on  the  ridge  of  the  second  crater  of  Erebus,  at 
The  Fang  (on  the  third  crater),  in  some  of  the  Dellbridge  Islands,  and  at  Turk’s 
Head. 

(б)  The  basalts  of  CajDe  Barne,  poor  in  olivine. 


*  Taylor  (Griffith)  in  Scott’s  Last  Expedition,  vol.  2,  1913,  p.  197. 
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(c)  Olivine-basalts  and  limburgites.  These  occur  at  Hut  Point,  Cape  Crozier, 
Turtle  Rock,  Brown  Island,  Black  Island,  and  possibly  at  Cape  Bird,  and  on  the 
mainland  opposite  Ross  Island.  Cape  Bird  also  yielded  specimens  of  a  hornblende- 
basalt,  referred  by  Jensen  to  kulaite.  Hornblende-bearing  basalts  were  also 
described  by  Prior  from  White  Island  [311],  and  from  Brown  Island  [608],  and 
one  specimen  was  collected  by  Debenham  from  Half  Moon  Crater  on  Hut  Point 
Peninsula. 

The  trachytes  of  the  cones,  the  limburgitic  basalts,  and,  possibly,  the  kenytes  carry 
each  their  own  suite  of  coarse-grained  inclusions.  Fragmental  rocks,  tuffs,  and  ag¬ 
glomerates  are  to  be  found  associated  with  the  kenytes,  and  with  the  basalts  at  many 
localities.  Some  evidence  as  to  the  relative  ages  of  the  different  rock-types  may  emerge 
from  the  study  of  the  petrography  of  these  inclusions. 

The  field  evidence  as  to  the  relative  ages  of  the  different  kinds  of  lava  shows  that  in 
Hut  Point  Peninsula  and  on  the  mainland  opposite  Ross  Island  the  basalts  are  the  most 
recent  lavas,  but  that  on  Mount  Erebus  the  most  recent  lavas  are  the  kenytes.  The 
basalts  with  tabular  feldspars  and  the  phonolitic  trachytes  on  the  mountain  seem  to 
belong  to  the  earlier  phases  of  its  vulcanicity. 
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II.  PHONOLITIC  TRACHYTES  AND  TRACHYTOID  PHONOLITES 

Trachytic  rocks  in  the  Ross  Archipelago  are  represented  by  several  outcrops  and  a 
few  erratics  of  grey  to  dark  grey  rocks,  which  appear  on  the  results  of  chemical  analysis 
and  petrographical  examination  to  range  from  trachytoid  phonolites  to  phonolitic 
trachytes. 

They  have  already  been  described  both  by  G.  T.  Prior*  and  by  H.  I.  Jensen|  from 
material  collected  by  the  National  Antarctic  Expedition  of  1901-4  and  the  British 
Antarctic  Expedition  1907-9.  Three  types  of  these  rocks  have  been  analysed,  and  the 
other  specimens  collected  can  be  referred  to  one  or  other  of  these  types  or  can  be 
described  as  variants  or  transitional  from  one  to  another. 

The  rocks  chosen  as  types  are : 

(1)  The  dark  greyish-olive  Trachyte’  of  the  parasitic  cone  called  Mount  Cis,  on 

Mount  Erebus,  with  few  feldspar  phenocrysts  and  occasional  small  olivines. 

(2)  The  deep  olive-grey  ‘  trachyte  ’  of  Cape  Crozier,  Mount  Terror,  with  abundant 

microphenocrysts  of  feldspar,  referred  to  as  the  Mount  Terror  type. 

(3)  The  hornblende-bearing  ‘trachyte’  of  Observation  Hill,  Hut  Point,  described 

by  Prior  in  1907  (op.  cit.  p.  117),  referred  to  as  the  Observation  Hill  type. 

As  to  the  classification  of  each  of  these  types  opinions  may  differ.  The  choice  seems 
to  lie  between  ‘phonolitic  trachyte’  and  ‘trachytoid  phonolite’,  and  the  distinguishing 
criterion  is  the  content  of  feldspathoids  or  the  proportion  of  feldspathoids  among  the  light 
mineral  constituents  of  each  type. 

The  expression  ‘phonolitic  trachyte’  was  first  used  by  RosenbuschJ  in  1908.  He 
explained  that  the  adjective  ‘phonolitic’  was  not  to  be  taken  to  imply  a  marked  fall  in 
silica  percentage  as  compared  with  normal  trachytes,  but  rather  the  occimrence  in  the 
rock  of  constituents  characteristic  of  the  phonolites  and  a  complete  absence  of  free  silica. 
Chemically  they  are  slightly  under  saturated  trachytes. 

The  name  ‘trachytoid  phonolite’  was  given  by  Rosenbusch  in  1887  to  nepheline-poor 
phonolites,  and  the  name  appears  to  be  synonymous  with  the  ‘  trachyphonolite  ’  of 
Boricky,  1875,  and  the  later  ‘trachytic  phonolite’  of  Hibsch,  1902. 

Troger  has  chosen  Rosenbusch’s  name  in  preference  to  Boricky’s,  and  although  the 
latter  has  priority,  one  may  accept  his  decision  for  the  present. 

There  are,  of  course,  rocks  representing  every  stage  in  the  passage  from  phonolitic 


*  Prior  (G.  T.),  Nat.  Ant.  Exp.,  1901-1904,  Nat.  Hist.,  vol.  1,  Geology,  1907,  pp.  113-19. 
t  Jensen  (H.  I.),  Brit.  Ant.  Exp.,  1907-9,  Geology,  vol.  2,  1916,  pp.  94-103. 

I  Rosenbusch,  H.,  Mikroskopische  Physiographie,  vol.  2,  1908,  p.  923. 
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tracli}i:es  to  trachytoid  phonolites,  and  in  practice  there  have  been  wide  difierences  of 
opinion  as  to  how  the  limit  should  be  defined.  For  some  petrographers  the  distinction 
is  made  on  the  hand-specimen  between  rocks  with  the  characteristic  rough  feel  of  typical 
trachytes  and  those  with  the  smooth  fracture  and  compact  groundmass  of  typical  phono¬ 
lites.  Experience  shows  that  rocks  with  external  characters  of  the  typical  trachytes  may 
carry  quite  considerable  proportions  of  nepheline  and  the  ‘field’  distinction  does  not 
correspond  to  a  mineralogical  difference.  For  those  of  us  who  look  for  some  quantitative 
mineralogical  distinction  there  is  a  wide  choice  depending  on  the  particular  system  one 
wishes  to  adopt. 

On  Johannsen’s  system,  based  on  the  modal  composition,  the  upper  limit  for 
phonolitic  trachytes  is  at  nepheline  5  per  cent  by  volume  of  the  feldspars  and  feld- 
spathoids.  P.  Niggli  would  modify  this  to  1 2-75  per  cent  to  conform  more  nearly  to 
normative  weight  per  cent  used  in  the  C.I.P.W.  system  (and  in  the  system  of  Lacroix). 
W.  E.  Troger*  sets  the  limit  at  feldspathoids  10  per  cent  by  weight  of  the  light 
minerals. 

Whichever  of  these  quantitative  limits  be  adopted,  it  is  found  that  many  of  the  rocks 
with  all  the  external  characters  of  trachyte  in  the  field  come  well  within  the  range  of  the 
phonolites  as  defined  in  terms  of  the  component  minerals  or  normative  minerals  and, 
unless  a  drastic  change  in  classification  is  to  be  made,  it  is  as  trachytoid  phonolites  that 
they  should  be  described. 

Two  important  types  of  lavas  from  the  Ross  Archipelago  described  by  Prior  as 
‘  trachytes  ’  fall  within  the  field  of  the  trachytoid  phonolites.  They  are  the  Mount  Terror 
and  the  Observation  Hill  types  (2  and  3  above).  The  remaining  type,  the  Mount  Cis 
type,  is  a  phonolitic  trachyte. 

Phonolitic  Trachyte  (Mount  Cis  type) 

Phonolitic  trachyte,  Jensen,  1916,  p.  94. 

Trachyphonolite,  Jensen,  1916,  p.  98. 

The  trachyte  that  forms  the  parasitic  cone  of  Mount  Cis  on  Erebus  is  a  somewhat 
vesicular,  aphanitic  rock,  greyish-olive  in  colour,  with  rare  insets  of  feldspar  (up  to  8  mm. 
in  length)  and  showing  a  sheen  from  parallel  feldspar  laths  on  some  broken  surfaces. 
Under  the  microscope  one  notes  in  addition  to  the  occasional  feldspar  insets  a  few  micro- 
phenocrysts  of  green  pyroxene,  olivine,  and  opaque  ‘  ore’,  but  these  are  all  scarce,  and  the 
main  mass  of  the  rock  consists  of  slender  feldspar  laths  with  well-developed  trachytic 
structure  and  dark  interstitial  groundmass. 

In  very  thin  sections  the  dark  interstitial  material  can  be  resolved  and  is  then  seen  to 
consist  of  a  very  pale  green  to  colomless  pyroxene  with  very  low  extinction  angles  and  a 
brown  amphibole,  lilve  catophorite,  and  grains  of  opaque  ‘ore’.  Very  small  short  rods  of 


*  Troger  (W.  E.),  Spezielle  Petrograpliie  der  Eruptivgesteine.  Berlin,  1935,  p.  339. 
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opaque  ‘ore’  (magnetite?)  in  parallel  position  over  small  areas  are  noticeable  under  high 
magnification.  There  are  some  small  colourless  isotropic  areas. 

These  trachytes  have  been  fully  described  by  Jensen  (op.  cit.  pp.  94-100).  He  found 
the  mineral  composition  almost  the  same  in  all  specimens  examined  and  gave  the  modal 
composition  as  follows:  ‘Felspar  forms  from  60  per  cent,  to  75  per  cent,  of  the  mass,  and 
aegirine-augite  from  10  per  cent,  to  25  per  cent. 

‘  The  balance  is  made  up  of  olivine,  magnetite,  leucite,  sodalite,  interstitial  nepheline 
( ?),  analcite,  cossyrite,  riebeckite,  and  various  ferritic  decomposition  products,  some  or  all 
of  which  occur  together  to  the  extent  of  from  5  per  cent,  to  10  per  cent,  in  all  specimens. 
Of  these  magnetite  usually  forms  up  to  5  per  cent.,  olivine  up  to  2  per  cent.  A  cossyrite- 
like  hornblende  occasionally  replaces  aegirine  so  as  to  form  upwards  of  5  per  cent. 
Apatite  is  occasionally  sparingly  represented  in  long  needles.  Felspathoids  range  from 
1  per  cent,  to  10  per  cent,  in  amount’  (op.  cit.  p.  96). 

The  feldspars  of  the  gTOundmass  were  identified  by  Jensen  as  anorthoclase.  He 
based  this  on  the  following  properties:  refractive  index  slightly  below  Canada  balsam, 
twinning  mainly  Carlsbad,  but  ‘shadowy  extinction  of  the  moiree  type  indicated  the 
presence  of  ultramicroscopic  twinning  in  some  crystals,  the  sanidine  cross  cracking  or 
parting  was  fairly  common,  cleavage  almost  rectangular,  and  extinction  angles  varied 
from  0°  to  8°  with  the  length  of  the  laths’.  He  does  not  record  any  insets  of  feldspar  in 
any  of  his  descriptions  of  specimens  from  Mount  Cis. 

The  pyroxenes  he  finds  consist  chiefly  of  aegirine-augite  of  a  greenish- yellow  colour 
with  extinction  varying  between  20°  and  35°.  In  some  specimens  true  aegirine,  and  in 
others  colourless  diopside,  accompany  the  aegirine-augite. 

The  amphiboles  are  cossyrite-like.  ‘  They  may  be  scattered  about  in  grains  or  form 
ophitic  aggregates  of  a  deep  coffee-brown  colour,  pleochroic  from  olive-brown  to  deep 
brown,  opaque  in  sections  across  the  length.  In  some  slides  these  amphiboles  show  a  deep 
purplish-blue  absorption  colour  on  rotating  the  stage,  indicating  affinities  with  riebeckite 
or  some  species  of  kataphorite.  .  .  .  Riebeckite  occurs  only  very  rarely.  .  .  .  Arfved- 
sonite  is  occasionally  secondary  after  aegirine-augite.  .  .  .  Olivine  occurs  only  sparingly, 
and  only  as  phenocrysts,  .  .  .’ 

Magnetite  is  described  as  a  common  accessory,  and  Jensen  adds :  ‘  It  is  not  improbable 
that  in  some  of  the  rocks  the  cubic  and  octahedral  black  isotropic  grains  provisionally 
identified  as  magnetite  may  be  a  black  variety  of  perovskite,  knopite,  or  geikielite’.  Of 
the  feldspathoids  he  says:  ‘Usually  they  are  interstitial.  ...  In  addition  to  filling 
smaller  interstices  these  minerals  may  form  larger  patches  into  which  felspar  needles 
penetrate.  The  commonest  felspathoids  are  sodalite  and  analcite’  (op.  cit.  p.  97). 

The  sample  of  this  ‘trachyte’  analysed  by  Hogarth  for  Jensen  was  from  Jl3,  a 
description  of  which  is  given  by  Jensen  (pp.  99-100).  A  section  of  a  duplicate  specimen 
of  the  analysed  rock  in  the  British  Museum  collection  shows  a  groundmass  of  slender 
laths  of  feldspar,  identified  by  Jensen  as  anorthoclase,  with  interstitial  aegirine-augite, 
and  soda-amphiboles,  and  some  colourless  isotropic  material  (probably  sodalite).  The 
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section  of  the  British  Museum  specimen  [BM.  1911,  135,  13]  shows  also  very  small  insets 
of  olivine,  a  pyroxene  (colourless  in  thin  section)  and  magnetite.  In  the  groundmass  the 
feldspars  are  very  closely  packed  and  the  interstitial  areas  are  very  narrow  and  generally 
triangular  in  shape.  A  brownish  amphibole,  like  catophorite,  is  present  as  well  as  the 
arfvedsonitic  amphibole  noted  by  Jensen,  also  a  pale  green  pyroxene.  There  are  minute 
microphenocrysts  of  colourless  olivine  and  scattered  magnetites  (PI.  3,  Fig.  1).  A 
microchemical  test  proved  the  presence  of  feldspathoids  in  the  groundmass.  A  hand- 
specimen  shows  occasional  small,  tabular  feldspar  insets. 

Jensen  described  another  specimen  [Jl]  which,  he  notes,  the  analysed  specimen 
resembled.  This  had  insets  of  green  aegirine-augite  and  small  nephelines  most  of  which, 
however,  were  represented  by  pseudomorphs.  In  the  groundmass  he  recorded:  ‘felspar 
microlites  with  the  properties  of  anorthoclase,  and  aegirite  or  acmite  ...  in  hypidio- 
morphic  prisms  and  allotriomorphic  aggregates  behaving  ophitically  to  felspar’.  In 
addition  he  noted  magnetite  as  an  abundant  minor  constituent,  a  ‘deep  brownish-green 
arfvedsonite  amphibole  enveloping  deep  blue  riebeckite  grains’,  and  a  brown  cossyrite- 
lilce  hornblende  present  in  minute  amount  (op.  cit.  p.  99  and  pi.  1,  figs.  1  and  2). 

Another  trachyte  from  Mount  Cis  [J32],  also  briefly  described  by  Jensen  (op.  cit. 
p.  100],  is  somewhat  finer  grained  and  vesicular.  Under  the  microscope  it  shows  a  few 
small  phenocrysts  of  ‘anorthoclase’  (5  mm.)  and  microphenocrysts  of  a  slightly  yellow 
olivine  (up  to  0-25  mm.)  with  rarer,  very  pale  greenish  aegirine-augite  and  small  magne¬ 
tites.  The  groundmass  is  holocrystalline  and  consists  mainly  of  slender  laths  of  feldspar, 
often  in  divergent  radial  groups  with  abundant  very  small  prisms  and  flakes  of  a  green 
pyroxene  with  very  low  extinction  angles  (probably  aegirine),  unidentified  soda-amphi- 
boles,  opaque  ‘ore’,  and  many  patches  of  colourless  material.  The  amphibole  resembles 
catophorite. 

Jensen  detected:  ‘a  little  nepheline  and  minute  insterstitial  crystals’  by  staining 
methods.  He  thought  the  colourless  patches  were  sodalite  but  they  seem  often  to  be 
birefringent  and  have  too  high  a  refractive  index;  it  is  more  probable  that  they  are 
nepheline.  Conspicuous  features  in  the  thin  section  of  the  British  Museiun  specimen  of 
this  rock  [1911,  135  (32)]  are  parallel  rods  of  magnetite  (?)  traversing  the  groundmass 
minerals  in  certain  areas,  and  many  very  small  colourless  cubes,  about  0-003  mm.  across, 
in  the  colourless  base.  These  have  low  refractive  index  and  are  probably  sodalite. 

One  of  the  specimens  from  Mount  Cis  collected  by  the  British  Antarctic  Expedition 
and  presented  to  the  British  Museum  [BM.  1911,  135  (27)]  is  of  interest  as  the  colourless 
interstitial  material  of  the  groundmass  appears  to  be  glass.  It  is  crowded  with  minute 
crystallites,  which  are  probably  p5n:oxene,  and  magnetite.  Amphiboles  were  not  de¬ 
tected.  The  abundant  feldspar  laths  of  this  rock  show  the  same  strong  trachytic 
arrangement  as  the  other  Mount  Cis  specimens.  There  are  occasional  microphenocrysts 
of  aegirine-augite,  and  apatite  and  olivine  are  rather  rare  accessories  in  addition  to  the 
more  abundant  opaque  ‘ore’  (magnetite?). 

Two  analyses  have  been  made  of  this  trachyte :  one,  by  Hogarth,  published  in  column 
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A,  table  I,  of  Jensen’s  memoir  (op.  cit.  p.  98)  quoted  here  in  column  2,  Table  la;  the  other, 
made  on  a  duplicate  specimen  of  the  one  analysed  by  Hogarth,  was  made  by  Mr.  D.  I. 
Both  well,  B.Sc.,  under  Dr.  M.  H.  Key’s  direction  in  the  Department  of  Mineralogy, 
British  Museum  (Natural  History).  The  two  analyses  differ  in  the  relative  proportions 
of  ferrous  and  ferric  iron,  and  the  K2O  content  is  slightly  higher  in  the  new  analysis. 
Also  Hogarth’s  analysis  shows  an  unusually  high  P2O5  content  for  a  rock  of  this  kind. 
These  differences  lead  to  considerable  differences  in  the  norms.  Jensen’s  norm  shows 
hypersthene  and  free  silica,  whereas  that  derived  from  the  new  analysis  is  the  norm  of  a 
slightly  undersaturated  rock  with  small  contents  of  normative  nepheline  and  olivine. 
The  differences  might  be  due  to  contamination  of  Hogarth’s  sample  with  very  small 
relics  of  sedimentary  xenoliths  which  are  very  frequent  in  this  rock.  Mr  Bothwell  took 
pains  to  pick  material  free  of  xenoliths  before  finely  grinding  the  sample  for  analysis. 
The  norm  calculated  from  the  new  analysis  is  in  fair  agreement  with  the  modal  mineral 
composition  of  the  rock  and  the  name  ‘phonolitic  trachyte’  seems  quite  justified. 

Jensen  considered  (op.  cit.  p.  99)  that:  ‘The  Mount  Cis  trachyte,  J.  13,  is  in  mineral 
composition  and  microscopic  structure  similar  to  the  phonolitic  trachytes  from  Cape 
Adare  and  Cape  Crozier,  .  .  .’.  The  rock  from  Cape  Crozier  referred  to  was  described  as 
phonolitic  trachyte  by  G.  T.  Prior  (op.  cit.  1907,  p.  114).  Its  analysis  shows  that  it 
contains  a  higher  percentage  of  normative  nepheline  than  the  Mount  Cis  trachyte,  and 
accordingly  it  is  here  regarded  as  a  distinct  type  and  classified  as  a  trachytoid  phonolite 
(p.  27). 

Other  rocks  with  which  Jensen  compared  the  Mount  Cis  ‘trachyte’  are  the  phonolitic 
trachytes  of  Dunedin,  New  Zealand,  described  by  Marshall,* * * §  and  the  trachyandesites  of 
the  Warrumbungle  Mountains.  These  were  described  by  Jensen.f  Most  of  them  seemed 
to  be  ‘  free  from  felspathoid  mineral,  but  some  contain  a  little  interstitial  nepheline  ’  and 
they  were  classed  together  as  ‘trachyandesites  and  phonolitic  trachytes’  (op.  cit.  p.  602). 

The  Mount  Cis  ‘trachyte’  contains  numerous  inclusions  of  sanidinite,  microsanidi- 
nite,  and  also  xenoliths  derived  from  the  sedimentary  rocks  through  which  the  volcanic 
rocks  have  burst.  These  were  referred  to  by  Edgeworth  David  and  Priestley  J  and  were 
described  in  detail  by  J.  Allan  Thomson.  §  The  last-named  author  distinguished  in 
addition  to  sanidinites  and  microsanidinites,  quartz-pyroxene  inclusions  which  he  re¬ 
garded  as  derived  from  impure  sandstones,  and  pyroxene-plagioclase  inclusions  that  he 
thought  were  derived  from  dolerites.  The  inference  drawn  both  by  David  and  Priestley 
and  by  Thomson  was  that  both  these  types  were  relics  of  fragments  torn  from  the  Beacon 
Sandstone  Formation  and  from  its  extensive  sills  of  quartz-dolerite. 


*  Marshall  (P.),  The  geology  of  Dunedin  (New  Zealand).  Quart.  Journ.  Geol.  Soc.,  1906,  vol.  62, 
p.  403. 

t  Jensen  (H.  L),  Proc.  Linn.  Soc.  New  South  Wales,  1907,  vol.  32,  p.  616. 

j  David  (T.  W.  Edgeworth),  and  Priestley  (R.  E.),  Brit.  Ant.  Exp.  1907-9,  Geology,  vol.  1, 1914,  pp.  221 
and  307. 

§  Thomson  (J.  Allan),  Brit.  Ant.  Exp.  1907-9,  Geology,  vol.  2,  1916,  pp.  131-48. 
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Both  Debenham  and  Priestley  in  1911  made  extensive  collections  of  these  inclusions 
in  the  lava  of  Mount  Cis  and  obtained  many  examples  of  all  the  kinds  described  by  J.  Allan 
Thomson.  The  inclusions  in  Debenham’s  specimen  [Dl9ll]  are  fine-grained,  grey  micro- 
sanidinites.  One  has  a  fine-grained  granulitic  texture  (O-Oo  mm.) ;  others  show  the  ortho- 
phyric  texture  of  small,  quadratic  feldspars  as  described  and  figured  by  Thomson 
(op.  cit.  p.  136),  and  one  section  shows  very  well  a  border  of  larger  (2  mm.)  crystals  of 
feldspar  growing  out  into  the  host  rock.  An  example  of  this  was  described  by  Thomson 
also  (p.  139).  It  appears  as  if  the  feldspars  of  the  xenolith  had  recommenced  growth, 
drawing  their  material  from  the  still  molten  lava  and  growing  out  into  it. 

Debenham  also  collected  many  examples  of  inclusions  that  have  all  the  appearance 
of  xenoliths  derived  from  sedimentary  rocks.  The  fine-gTained,  central  portion  of  one  of 
these  inclusions  was  found  to  consist  mainly  of  rounded  quartz  grains  in  a  matrix  partly 
isotropic  and  partly  birefringent.  The  outer  part  of  the  inclusion,  where  it  adjoins  the 
lava,  is  cinnamon-bufi  in  colour  and  is  vesicular.  This  part  consists  of  glass  with  a  few 
residual  grains  of  quartz.  The  glass  has  refractive  index  less  than  1-499  and  contains 
numerous  crystallites  of  feldspar,  olivine,  and  pyroxene,  the  last  less  abundant  than  the 
others. 

These  are  the  inclusions  described  by  Thomson  as  ‘slaggy’.  He  considered  they 
were  derived  from  impure  sandstones  and  there  seems  to  be  no  doubt  of  that.  Among  the 
series  collected  by  Debenham  and  Priestley  are  several  specimens  in  which  the  xenoliths 
resemble  various  varieties  of  the  cream-coloured  and  grey  Beacon  Sandstones  and  it  seems 
certain  that  the  Beacon  Sandstone  Formation  provided  the  material  for  these  xenoHths. 
The  central  portions  are  fritted  and  fused  sandstone  and  are  recognizable  as  such  but 
their  outer  zones  have  received  a  considerable  contribution  from  enclosing  lava  and  the 
smaller  xenoliths  are  entirely  transformed  leaving  only  relics  of  quartz  grains  to  show 
their  origin. 

A  very  fine-grained  inclusion  [Dl9Rb],  pinkish  bufi  with  pale  greenish  patches, 
carries  in  these  patches  granular  pale  green  pyroxene,  c:  y  =  48°,  and  refractive  index 
greater  than  1-686.  The  colourless  minerals  are  for  the  most  part  feldspars  as  very  small 
allotriomorphic  grains  or  small  quadrate  crystals.  It  seems  that  some  of  the  feldspar  is 
plagioclase  though  only  very  rarely  do  grains  show  albite  or  pericline  twinning.  Most  of 
the  colourless  mineral  has  refractive  index  around  1  -54  but  on  account  of  the  extremely 
fine  grain  definite  identifications  were  not  made.  There  is  some  interstitial  glass  of  low 
index  and  faintly  tinged  pinkish  bufi.  This  inclusion  may  represent  one  of  the  more 
calcareous,  impure  bands  in  the  Beacon  Sandstone.  No  other  inclusions  of  the  kind  have 
been  sectioned.  It  was  thought  it  would  prove  to  be  of  the  same  kind  as  the  plagioclase- 
pyroxene  inclusions  in  the  trachyte  of  Mount  Cis  described  by  J.  Allan  Thomson  (op.  cit. 
p.  143  and  pi.  3,  figs.  1  and  2)  and  interpreted  by  him  as  fragments  of  dolerites  probably 
derived  from  the  sills  in  the  Beacon  Sandstone,  but  the  habit  of  the  feldspars  seems  to 
be  quite  difierent. 
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Trachytoid  Phonolite  (Mount  Terror  type) 

Phonolitic  Trachyte,  Prior,  1907,  p.  1 14. 

Rocks  which  can  all  be  referred  to  one  type  of  trachytoid  phonolite  have  been  found 
at  the  SW.  foot  of  Mount  Terror  (Cape  Crozier),  at  Cape  Bird,  in  the  Dellbridge  Islands 
oh  the  SW.  coast  of  Ross  Island,  and  on  Brown  Island,  and  Black  Island.  Prior  des¬ 
cribed  ‘trachytes’  collected  by  Ferrar  from  each  of  these  localities  and  many  more 
specimens  of  the  type  were  collected  by  members  of  the  Terra  Nova  Expedition  on  all  of 
the  islands  of  the  Dellbridge  gToiip. 

In  hand-specimens  these  rocks  are  compact  and  deep  olive-grey  in  colour.  They 
carry  small  insets  of  feldspar  in  an  aphanitic  groundmass.  Fractured  surfaces  show 
reflections  from  broad  laths  of  feldspar. 

Prior  (op.  cit.  p.  114)  has  given  a  general  description  of  rocks  from  the  localities 
mentioned  above  which  can  all  be  referred  to  the  type  rock  analysed  by  him  from  Cape 
Crozier.  He  mates  (p.  115);  ‘Closely  related  to  the  preceding  [i.e.  the  type  rock  (188)], 
but  of  a  more  definite  trachytic  type,  are  other  ash-gray  rocks,  which  show  under  the 
microscope  small,  sharply  defined  rectangular  phenocrysts  of  anorthoclase  in  a  ground- 
mass  consisting  of  a  trachytic  mesh  of  felspar-laths,  with  interstitial  dull-green  aegirine- 
augite  and  a  little  magnetite  (see  Plate  VIII,  Fig.  4).  The  felspar-phenocrysts  show  the 
minute  twin-striations  characteristic  of  anorthoclase,  and  similar  striations  can  also  be 
detected  in  some  of  the  larger  felspar-laths  of  the  base.  The  aegirine-augite  is  in  small, 
prismatic  crystals,  and  shows  pleochroism  from  brownish  yellow  to  dull-green’. 

Specimen  188  from  the  Discovery  collection,  collected  from  the  top  of  a  900-foot 
knoll  at  CajDe  Crozier,  Mount  Terror,  was  analysed  by  G.  T.  Prior  (op.  cit.  p.  114).  The 
results  are  quoted  in  column  3,  Table  la.  The  hand-specimen  is  compact,  deep  olive- 
grey,  and  shows  small  insets  of  feldspar.  It  contains  an  angular  fragment  of  a  horn¬ 
blende-pyroxene-feldspar  rock  which  Prior  briefly  described. 

The  thin  section  shows  some  coloirrless  material  in  the  interstices  between  the  feld¬ 
spars,  and  the  microphenocrysts  are  not  always  sharply  defined  and  rectangular.  The 
aegirine-augite  in  the  groundmass  often  forms  sniall  plates,  some  so  thin  as  to  be  practi¬ 
cally  coloirrless.  These  microphenocrysts  have  the  pleochroism  described  by  Prior  and 
give  extinction  angles  c ;  y  up  to  62°.  Very  small  crystals  of  magnetite  surrounded  by  brown 
alteration  products,  and  a  little  secondary  biotite  are  fairly  abundant.  There  are  occa¬ 
sional  small  insets  of  hornblende  completely  resorbed  and  replaced  by  magnetite.  Minute 
sodalite  crystals  are  visible  under  high  magnification  within  the  feldspar  and  in  interstitial 
patches.  A  microchemical  test  showed  the  presence  of  soda-feldspathoids  in  the  base. 

The  norm  calculated  from  Prior’s  analysis  (Table  16,  column  3)  shows  18-74%  ne, 
rather  more  than  one-fifth  of  the  light  constituents.  It  would  be  difficult,  if  not  impos¬ 
sible,  to  make  a  close  estimate  of  the  amount  of  feldspathoids  present  in  the  mode  but 
they  probably  account  for  at  least  a  tenth,  and  perhaps  an  eighth,  of  the  light  minerals. 
This  would  justify  the  classification  of  the  Mount  Terror  ‘  trach5de  ’  as  a  trachytoid  phono¬ 
lite. 
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In  Professor  Debenham’s  collection  tbis  Mount  Terror  type  is  very  well  represented 
by  numerous  fresh  specimens  from  Inaccessible  Island,  where  Ferrar  had  also  collected 
this  type  [804].  These  rocks  are  a  little  richer  in  aegirine-augite  (c:  y  up  to  54°)  and  they 
contain  also  scattered  grains  of  yellowish  olivine  [Dll,  Dl7l,  D24l].  The  feldspars  show 
simple  Carlsbad  twins  (PI.  3,  Fig.  6).  The  hand-specimens  are  dark  greyish  olive  with 
numerous  small,  white  insets  of  feldspar  in  an  aphanitic  groundmass,  or  aphyric  and  deep 
olive-grey  with  the  sheen  on  fractures  due  to  the  parallel  feldspar  laths. 

Jensen  described  several  ‘phonolitic  trachytes’  from  Inaccessible  Island  (op.  cit. 
p.  103).  His  specimen  [Jl6  =  BM.  1911,  135  (16)]  is  similar  to  the  rocks  just  described. 
Two  others  are  referred  to  below. 

Other  examples  of  the  same  type  in  Debenham’s  collection  are:  D24E(6)  from  the 
west  side  of  Tent  Island,  a  very  well  crystallized  example  with  long  feldspar  laths  and 
granular  pyroxenes;  and  a  finer  grained  type  containing  a  few  resorbed  hornblendes. 
This  latter  specimen  [D52E]  was  one  of  many  collected  on  Tent  Island  by  C.  S.  Wright. 

In  passing  it  may  be  noted  that  ‘trachytes’  similar  to  those  described  above  were 
collected  at  Cape  Bird  by  Sir  Edgeworth  David  and  R.  E.  Priestley  on  the  British 
Antarctic  Expedition  1907-9  [P314  and  P336].  These  rocks  carry  a  few  micropheno- 
crysts  of  resorbed  hornblende  and  one  of  them  [P336]  has  small  insets  of  a  fresh,  green 
aegirine-augite.  These  were  not  described  in  H.  I.  Jensen’s  report. 

Glassy  and  partly  glassy  types  of  phonolitic  trachytes  probably  corresponding  to 
the  Mount  Terror  type  are  represented  from  Inaccessible  Island  by  several  specimens: 
D2l  in  Debenham’s  collection  and  802  in  Ferrar ’s  collection.  In  some  of  these  [802,  D2l] 
the  glass  is  brown  and  the  hand-specimens  are  deep  brownish  drab.  A  fresher  specimen, 
iron-grey  in  colour,  is  one  described  by  Jensen  [Jl5]  (op.  cit.  p.  103). 

The  feldspars  are  simple  twins  of  orthoclase  or  anorthoclase,  and  they  average  about 
0-2  mm.  in  length,  and  do  not  exceed  0-35  mm.  in  the  specimens  measured.  The  ground- 
mass  is  glassy,  mainly  turbid,  with  clearer  patches,  and  contains  minute  brown  horn¬ 
blendes  and  magnetite. 

A  smoke-grey  lava  from  the  scree  at  the  foot  of  the  eastern  clifi  of  Inaccessible  Island 
[D7l]  is  similar  to  two  specimens  collected  by  Ferrar  at  the  north-west  end  of  the  Island 
[807,  803].  These  are  poorer  in  dark  minerals  than  the  greyish  olive,  holocrystalline 
rocks  described  above,  but  they  seem  to  be  nothing  other  than  the  light-coloured,  altered 
or  weathered  representatives  of  the  partly  glassy  types  just  described.  They  contain  a 
few  well-developed,  rectangular  phenocrysts  of  anorthoclase,  and  for  the  rest  consist  of 
abundant  laths  of  feldspar,  with  a  few  yellow,  altered  pyroxenes  and  gTains  of  magnetite 
in  an  isotropic  base.  The  base  is  partly  turbid  but  there  are  abundant  clear  patches. 
The  feldspars  have  one  refractive  index  higher  than  Canada  balsam  and  the  altered 
pyroxenes  gave  extinctions,  c:  a  up  to  18°,  but  few  measurements  could  be  obtained. 

A  similar  specimen,  but  darker  in  colour,  is  described  by  Jensen  from  Inaccessible 
Island  under  the  name  phonolitic  trachyte  [J21]  (op.  cit.  p.  102).  The  coloiu  of  the  hand- 
specimen  is  hair-brown  to  greyish  olive  and  the  rock  seems  to  represent  an  altered  facies 
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of  one  of  the  varieties  of  the  type  rather  richer  in  pyroxene.  The  dark  minerals  are 
mostly  altered  to  opaqne  material  but  the  bright  yellow  altered  pyroxenes,  as  seen  in 
D7l,  are  still  abundant. 

Specimens  referable  to  the  Mount  Terror  type  noted  by  Prior  among  those  collected 
by  H.  T.  Ferrar  on  Black  Island  are  the  ‘trachytes’  referred  to  below  in  connexion  with 
the  discussions  of  the  relationship  between  greyish  and  yellowish  trachytes  and  the  state 
of  alteration  of  the  pyroxene  microliths. 

These  ‘trachytes’  have  seriate  porphyritic  texture.  The  greyish  olive  rock  [610]  in 
thin  section  shows  microphenocrysts  of  lath-shaped  anorthoclase  quite  abundant,  with 
microphenocrysts  of  a  dark  green  aegirine  (or  aegirine-augite)  in  a  groundmass  of  feldspar^ 
sodalite,  and  minute  prisms  of  aegirine.  The  sodalite  occurs  in  grains  and  minute 
crystals  enclosed  by  feldspar.  The  lighter,  pale  vinaceous  fawn  rock  associated  with  this 
[609]  is  identical  in  character  except  that  the  dark  green  pyroxene  is  replaced  by  a  deep 
yellow,  weakly  pleochroic  mineral  of  the  same  form  as  the  pyroxene. 

Related  to  the  Mount  Terror  type  but  containing,  in  addition  to  microphenocrysts 
of  pyroxene,  a  few  small  olivines  and  brown  hornblendes  (usually  resorbed),  are  several  of 
the  rocks  from  Big  Razorback  Island  in  the  Dellbridge  group. 

D29E  from  the  west  base  of  Big  Razorback,  below  The  Turret,  and  D3lE  from  the 
east  of  Big  Razorback  ‘in  the  middle’,  are  very  fine-grained  with  much  feldspar  in  the 
groundmass  and  fewer  microphenocrysts,  though  these  include  occasional  fresh  brown 
hornblende  and  pyroxene  as  well  as  anorthoclase.  Prior  described  a  similar  rock  [473] 
collected  by  Ferrar  from  Little  Razorback  (op.  cit.  p.  114).  These  rocks  are  light 
olive-grey  in  colour,  aphanitic  and  compact. 

The  specimen  from  the  east  end  of  Big  Razorback  [D28E]  is  iron-grey,  nearly  black, 
and  shows  thick  platy  jointing.  It  has  a  higher  proportion  of  dark  minerals  than  some 
of  the  ‘  trachytes  ’  of  Inaccessible  Island,  and  in  addition  to  pyroxene  in  the  groundmass 
there  are  numerous  very  small  brown  crystals  which  appear  to  be  altered  olivine.  The 
feldspar  insets  appear  to  be  anorthoclase,  but  some  are  undoubtedly  plagioclase  (oligo- 
clase-andesine  near  Anso).  A  rather  similar,  dark  grey  trachytic  lava  is  from  an  outcrop 
at  the  base  of  Tent  Island  on  the  west  side,  beside  a  small  delta  [D21E]. 

What  may  be  a  glassy  facies  of  these  rocks  [D30E]  from  near  the  summit  at  the  NE. 
end  of  Big  Razorback  is  olivaceous  black  and  vesicular  in  hand-specimen.  This  has  as 
microphenocrysts,  however,  many  small  ilmenites  or  magnetites,  a  few  pyroxenes,  and 
many  small  feldspars  some  of  which  show  good  albite  twinning  and  have  a  refractive 
index  greater  than  Canada  balsam ;  so  the  rock  may  be  a  rather  more  basic  type. 

Another  variant  of  the  Moimt  Terror  type  is  the  ‘trach5rfce’  from  the  summit  of 
Abbott’s  Peak  [D90  and  Dl90].  This  is  pale  olive-grey  rock  with  abundant  small  insets 
of  feldspar,  pyroxene,  and  some  of  brown  hornblende  (partly  resorbed)  and  pale  yellowish 
olivine. 

The  olivines  are  almost  colourless;  the  pyroxene  with  extinction  angle  c:  y=4:'J°; 
shows  weak  pleochroism;  j8'  pale  olive-bufi;  a'  =  y'  =  light  mineral-grey  to  yellowish 
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glaucous.  Some  of  the  feldspar  phenocrysts  are  anorthoclase  with  refractive  index  less 
than  balsam,  but  many  show  well-defined  albite  lamellae  and  have  higher  refractive 
indices  and  are  strongly  zoned.  They  are  probably  anorthoclase  (potash-oligoclase) . 
Apatite  occurs  as  an  accessory  in  the  form  of  needles.  The  groundmass  is  very  fine¬ 
grained  and  consists  of  feldspar  laths  and  plates  with  minute  prisms  of  nearly  colourless 
pyroxene  (perhaps  also  olivine)  and  grains  of  magnetite  with  fiakes  of  secondary  biotite 
(PI.  3,  Fig.  5).  Some  ‘sodalite’  is  identifiable  and  there  may  be  insterstitial  nepheline. 
The  feldspar  phenocrysts  often  contain  inclusions  of  pyroxene  and  one  contains  a  prism 
of  the  brown  hornblende  and  has  preserved  it  unresorbed. 

Such  rocks  may  be  transitional  between  the  trachytoid  phonolites  and  the  ken}d:es 
as  suggested  by  Prior  (op.  cit.  1907,  p.  114). 

Trachytoid  Phonollte  (Observation  Hill  type) 

Hornblende-trachyte,  cf.  ‘tephritic  trachyte,'  Prior,  1907,  p.  117. 

Kaersuetite  (?),  Aegirine-augite  Trachyte,  Jensen,  1916,  p.  101. 

These  are  the  rocks  which  Prior  described  (op.  cit.  pp.  117-19)  as  composing  the 
whole  of  Observation  Hill.  They  were  also  described  from  the  same  locality  (op.  cit. 
p.  101)  by  Jensen.  Professor  Debenham  collected  many  specimens  and  mapped  the 
outcrops  on  a  plane-table  chart  of  Hut  Point  Peninsula. 

In  hand-specimen  the  rocks  range  in  colour  from  light  neutral  grey  to  deep  neutral 
grey,  with  occasional  thin  bands  and  some  irregular  included  patches  of  olive-grey  and 
olive-bufi  colour.  They  often  have  conspicuous  platy  structure  and  some  specimens 
show  abundant  lapilli-like  inclusions.  Ferrar*  describes  those  on  the  higher  part  of 
Observation  Hill  [278-280]  as  yellow,  locally  streaked  with  grey  ribbon-lilve  bands  [288] 
which  follow  the  fiow-structiu’e,  and  he  adds;  ‘On  the  southern  side  of  the  summit  the 
darker  rock  begins  to  preponderate,  and  at  a  point  some  30  yards  away  from  the  top,  and 
50  feet  below  it,  the  yellow  rock  gives  place  to  a  dark-grey  hornblende-trachyte  (290). 
Below  this  rock  comes  another  dark-gvey  hornblende-trachyte  with  spheroidal  structure 
(655).’ 

The  specimen  analysed  by  G.  T.  Prior,  chosen  for  its  fresh  condition,  was  No.  277, 
recorded  by  H.  T.  Ferrar  as  a  dike-rock  traceable  up  the  higher  part  of  the  hill.  Heben- 
ham’s  collection  includes  a  specimen  [217]  from  ‘a  ridge  running  up  the  west  side  of 
Observation  Hill  ’.  This  is  identical  in  all  its  characters  with  Ferrar ’s  dike-rock  [277]  and 
Prior  has  described  another  exactly  similar  rock  [290]  from  the  southern  side  of  the  sum¬ 
mit  (see  above). 

The  analysed  rock  is  iron-grey  in  colom  in  the  hand-specimen  and  shows  a  sheen  from 
parallel  feldspar  laths  on  some  fractured  surfaces.  It  appears  at  fii’st  sight  to  be  compact 
but  under  the  microscope  it  can  be  seen  to  be  vesicular,  the  vesicles  being  very  small. 

Prior,  describing  these  rocks  (op.  cit.  p.  1 17),  vuites :  ‘  These  trachytes  show  no  pheno- 


*  Ferrar  (H.  T.).  Nat.  Ant.  Exp.  1901-1904,  Nat.  Hist.,  vol.  1,  Geology,  1907,  p.  13. 


THE  VOLCANIC  ROCKS  OF  THE  ROSS  ARCHIPELAGO 


31 


crysts  of  felspar,  aiigite  or  olivine.  Under  tlie  microscope  are  seen  small  prismatic 
crystals  of  basaltic  hornblende  (or  of  black  magnetite-pseudomorphs  after  it)  in  a  trachytic 
mesh  of  minute  felspar-laths,  showing  generally  well-marked  flow-structure,  with  thickly 
disseminated  grains  of  magnetite  and  small  needles  of  pale  dull-green  aiigite’  (see  PI.  3, 
Fig.  2). 

Prior  described  and  flgiuedthe  ‘ lapilli-lilce  inclusions’  (op.  cit.  p.  118  and  fig.  66)  and 
found  them  to  consist  of  ‘a  dense  mesh  of  interlacing  prisms  of  basaltic  hornblende, 
similar  to  that  in  the  trachyte,  with  magnetite-grains  and  only  a  little  interstitial  felspar 
He  also  describes  two  glassy  varieties  of  the  rock  in  one  of  which  [442]  he  finds  ‘small 
dendritic  patches  ...  of  magnetite  (possibly  altered  riebeckite  or  other  soda-horn¬ 
blende)’  (op.  cit.  p.  118  and  fig.  65);  in  the  other  [264]  ‘minute  colourless  circular  or 
roughly  six-sided  and  eight-sided  isotropic  crystals’  (op.  cit.  p.  117  and  fig.  64).  These 
he  finds  have  a  refractive  index  less  than  Canada  balsam  and  he  refers  them  to  leucite. 
The  crystals  average  about  0-015  mm.  in  diameter  (PI.  3,  Fig.  4). 

Minute  isotropic  crystals  which  seem  to  be  similar  to  these  but  average  about 
0-04  mm.  in  diameter  and  all  less  well-formed  are  abundant  in  a  glassy  facies  of  the 
trachytes  collected  by  Debenham  from  Observation  Hill  [D2H].  The  refractive  index 
seems  to  be  less  than  that  of  the  glassy  base  but  the  edges  of  the  crystals  are  fuzzy  with 
minute  dark  crystallites  and  definite  observations  on  the  refractive  index  are  difficult  to 
obtain.  In  the  slide  described  by  Prior  the  edges  are  clear  and  sharp  and  the  refractive 
index  can  be  seen  to  be  less  than  that  of  the  glass  and,  I  think,  also  less  than  Canada 
balsam.  One  is,  however,  inclined  to  refer  them  to  sodalite  rather  than  to  leucite  but 
there  seems  to  be  no  means  of  deciding  the  matter  on  material  available.  * 

The  hornblende  in  the  ‘trachyte’  was  referred  by  Prior  to  barkevikite.  Jensen 
(p.  101)  referred  it  to  kaersutite  and  regarded  it  as  of  the  same  kind  as  the  hornblendes 
occurring  in  clusters  in  the  rock.  These  hornblendic  inclusions  were  figured  and  described 
by  Prior  (op.  cit.  p.  118),  who  gave  the  characters  of  the  hornblende  as:  pleochroism; 
a  yellow,  ^  and  y  deep  reddish  brown :  extinction  straight ;  elongation  positive. 

The  present  author’s  own  observations  on  the  amphibole  in  Prior’s  specimen  [264] 
and  Debenham’s  2H  are :  pleochroism ;  a  amber-yellow  to  olive-ochre,  ^  Dresden  brown  to 
nearly  black,  y  cinnamon-brown  to  sepia;  absorption,  j8=y>a.  The  extinction  angle 
measured  is  5|^°. 

It  would  be  impossible  to  discriminate  between  barkevikite  and  kaersutite  on  the 
basis  of  these  data  and  it  has  so  far  proved  impossible  to  measure  2V  on  the  material 
available. 


*  The  crystals  described  by  Prior  have  very  definite  outlines,  much  more  definite  than  is  usually  seen 
for  either  leucite  or  sodalite  in  such  conditions.  They  are  concentrated  in  one  small  patch  in  the  section.  They 
may  well  be  some  rather  rare  accessory  mineral.  In  the  absence  of  specimens  other  than  the  small  one  avail¬ 
able  one  must  reluctantly  leave  them  unidentified. 

In  an  etched  slide  of  264  they  do  not  take  a  stain  but  that  may  be  because  they  are  so  small  that  those 
that  have  survived  the  sectioning  process  are  protected  from  the  acid  by  the  rock-glass.  They  lie  within  the 
thickness  of  the  section. 
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The  feldspars  in  the  analysed  rock  [277]  and  in  Debenham’s  specimen  appear  to  be 
anorthoclase.  They  occur  as  laths  with  simple  Carlsbad  twinning.  Extinctions  are 
indefinite.  Some  laths  give  refractive  index,  for  vibrations  along  the  length,  less  than 
balsam ;  those  at  right  angles  slightly  greater.  Prior  found  in  the  glassy  variety  [204] 
that  the  platy  feldspars  gave  refractive  index  less  than  balsam  (corresponding  to  a  and  j8'), 
and  the  lath-shaped  feldspars  slightly  higher  (corresponding  to  ^  and  y).  He  came  to  the 
conclusion  that  ‘most  of  the  felspar  is  probably  anorthoclase’. 

In  a  glassy  facies  in  Debenham’s  collection  [D2H]  there  are  microphenocrysts  of 
feldspar  which  show  twinning  on  the  albite  law  giving  symmetrical  extinction  angles  up 
to  21°,  corresponding  to  andesine  near  An4o.  The  same  rock  has  feldspar  laths  in  the 
groundmass  giving  very  low  or  straight  extinction  with  refractive  indices  very  near  and 
slightly  greater  than  balsam.  These  are  probably  anorthoclase. 

Debenham’s  collection  contains  many  specimens  of  the  trachytes,  which  differ  from 
Prior’s  analysed  type  in  containing  very  abundant  microliths  of  feldspar  and  in  showing  a 
well-developed  trachytic  texture.  The  feldspars  indeed  make  up  most  of  the  rock. 
There  are  also  abundant  small  brown  hornblendes  and  a  few  microphenocrysts  of  plagio- 
clase  [D2H].  The  groundmass  is  a  colourless  glass  crowded  with  microliths  of  colourless 
pyroxene  and  minute  grains  of  magnetite  (PI.  3,  Fig.  3).  In  some  specimens  the  horn¬ 
blendes  have  black  edges  marking  the  commencement  of  resorption.  It  is  one  example 
of  this  type  with  a  clear,  colourless  glassy  groimdmass  which  contains  the  minute  isotropic 
crystals  mentioned  above.  In  hand-specimen  these  rocks  are  light  neutral  grey  to  deep 
neutral  grey  in  colour  and  are  finer  grained  than  Prior’s  analysed  type. 

A  trachyte  of  somewhat  different  type  is  D3H  from  the  crest  of  Crater  Heights. 
One  may  compare  with  it  also  a  specimen  [218]  from  ‘true  summit  of  Observation  Hill’ 
and,  probably,  [219]  S.  summit,  and  [220]  Spot  D,  Crater  Heights. 

Sections  of  D3H  cut  perpendicular  to  the  platy  jointing  show  strong  trachytic 
texture.  The  rock  consists  of  closely  packed  laths  of  feldspar  (anorthoclase)  with 
abundant  pale  yellow  ragged  prisms  of  a  pyroxene,  colourless  crystallites  of  a  pyroxene, 
and  grains  of  magnetite  in  a  colourless  glassy  base.  Some  minute  sodalites  occur  in  the 
glassy  base.  Throughout  the  rock  are  resorbed  phenocrysts  of  hornblende,  and  some  of 
these  are  so  small  and  numerous  as  to  cease  to  rank  as  phenocrysts  and  actually  form  part 
of  the  groundmass. 

This  is  also  the  kind  described  by  Jensen  as  ‘Kaersuetite  (?),  Aegirine-augite  Tra¬ 
chyte’,  [J3  (1913)  =BM.  1911,  135(3)]  and  figured  in  his  report  on  the  petrology  of  the 
alkaline  rocks  of  Mount  Erebus  (op.  cit.  p.  101  and  pi.  1,  figs.  3  and  4). 

These  rocks  are  olive-grey  to  olive-buff  in  colour  and  have  thin  platy  jointing. 
Ferrar  describes  similar  rocks  also  from  Observation  Hill.  He  found  yellow  hornblende- 
trachytes  [278,  279,  280]  forming  the  higher  part  of  the  hill  and  thought  these  were 
younger  than  ‘the  dark-grey  hornblende-trachyte  [273,  281]  with  abmidant  lapilli-like 
inclusions’.  At  the  top  of  the  hill  he  found  a  yellow  trachyte  locally  streaked  with  grey 
ribbon-like  bands.  The  pale  olive-grey  rock  [281]  corresponds  to  the  olive-grey 
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‘trachytes’  in  Debenham’s  collection  [D3HJ  and  the  yellow  ‘trachytes’  [278-280]  to 
the  olive-buh  rocks  from  the  true  summit  [218]  and  from  Point  D,  Crater  Heights  [220], 

Prior  considered  that  ‘the  yellow  rocks  from  the  top  of  the  hill  appear  to  be  only 
weathered  gray  rocks’.  He  writes  (op.  cit.  p.  117):  ‘In  specimens  showing  alternating 
bands  of  gray  and  yellow  .  .  .  these  bands  show  under  the  microscope  a  precisely  similar 
and  continuous  mesh  of  felspar-laths,  and  only  differ  in  the  yellow  bands  containing 
plentiful  yellow  grains  of  epidote  in  place  of  the  minute  magnetite-gTains  and  small  dull- 
green  augites  of  the  gray  bands’. 

My  own  observations  on  Debenham’s  specimens  are  that  the  olive-grey  rocks  [e.g. 
D3H,  218]  carry  a  pale  green  pyroxene  with  c:  a  up  to  22°,  but  the  olive-buff  specimens 
show  a  pale  yellow  mineral  in  place  of  the  pyroxene.*  So  far  as  I  can  ascertain  this 
yellow  mineral  is  not  epidote  but  altered  pyroxene  (or  perhaps  pseudomorphs  of  pyroxene 
by  epidote).  Satisfactory  measurements  are  difficult  to  obtain  on  such  small  crystals. 
With  this  reservation  Prior’s  contention  that  the  olive-buff  rocks  are  the  weathered  (or 
altered)  olive-grey  rocks  seems  to  be  supported  by  the  material  collected  on  the  Terra 
Nova  Expedition.  Moreover,  similar  relationships  appear  to  hold  between  a  deep 
greyish  olive  ‘phonolitic  trachyte’  [610]  and  a  pale  vinaceous  fawn  trachyte  of  similar 
texture  [609],  collected  by  Ferrar  on  Black  Island.  Yet  another  example  of  a  related 
pair  of  lighter  and  darker  ‘trachytes’  are  the  specimens  of  D7l  from  Inaccessible  Island. 
Both  these  and  the  ‘trachytes’  from  Black  Island  belong  to  the  Mount  Terror  type 
described  above. 

The  only  other  hornblende-bearing  ‘trachytes’  found  in  the  Ross  Archipelago,  apart 
from  ‘trachytes’  of  the  Mount  Terror  type,  with  occasional  small  hornblende  insets,  are 
represented  by  two  specimens  from  Cape  Bird  [Jl8  =  BM.  1911,  135(18)  and  P315  =BM. 
1911,  135(54)].  The  former  was  described  by  Jensen  as  ‘altered  Phyro-hornblende 
Trachyte’.  An  analysis  was  made  by  Mr  Burrows  and  A.  B.  Walkom  which  is  quoted 
in  column  7,  Table  la,  and  Jensen  has  given  a  figure  of  a  thin  section  (op.  cit.  pi.  3,  fig.  5). 
These  are  olive-gTey  rocks  with  numerous  small  black  resorbed  hornblende  insets.  Under 
the  microscope  the  completely  resorbed  hornblendes  are  seen  to  be  very  abundant  and 
there  are  abundant  granules  of  green  aegirine-augite  in  the  groundmass,  but  otherwise 
they  are  similar  to  the  Observation  Hill  type  described  above.  The  norm  calculated 
from  the  analysis  shows:  olivine  4-41  and  slightly  higher  an  and  di  and  lower  normative 
nepheline  than  in  the  norm  of  the  Observation  Hill  ‘trachyte’,  but  the  two  analyses  do 
not  differ  very  much  from  one  another.  Prior’s  analysis  is  quoted  in  cqlumn  6,  Table  la. 

It  may  be  noted  that  the  norms  calculated  from  the  chemical  analyses  of  these 
rocks,  the  Observation  Hill  type  and  the  one  from  Cape  Bird,  show  21-6  and  15*3  per 
cent  nepheline  respectively,  representing  25  and  20  per  cent  of  the  light  minerals.  The 
modal  nepheline  has  not  been  measured  in  these  rocks  but  it  is  unlikely  that  the  total 


*  It  is  worth  noting  also  that  it  is  the  olive-buff  specimen  that  shows  best  the  abundant  minute 
particles  of  sodalite  in  the  groundmass. 
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feldspathoids  would  fall  to  as  little  as  12-75  or  even  10  per  cent  of  the  light  minerals  of 
the  rocks.  One  must  therefore  rank  them  vdth  the  trachytoid  phonolites  rather  than 
with  the  trachytes. 

It  will  be  noted  also  that  in  the  C.I.P.W.  classification  rock  analyses  that  fall  in  the 
same  sub-rang  as  the  Mount  Terror  type,  I(II).6.1."4,  include  many  phonolites  and 
tinguaites  among  which  are  some  from  such  localities  as  Kerguelen  Island  and  Kew  South 
Wales*  and  the  Canary  Islands.  Also,  in  the  corresponding  sub-rang  of  Class  II,  in 
which  the  analysis  of  the  Observation  Hill  type  just  falls,  (1)11.6.1. "4,  one  finds  not  only 
phonolites  and  tinguaites  from  Kerguelen  and  New  South  Wales  and  the  Canary  Islands, 
but  also  a  whole  series  of  analyses  of  kenytes  from  Mount  Kenya  and  ‘  Rhombenporphyr  ’ 
and  trachydolerites  from  Kilimanjaro  described  by  L.  Finckh  (1906)  and  B.  Mauritz 
(1908).t 

A  comparison  of  volcanic  rocks  collected  on  Kerguelen  by  the  Challenger  Expedition 
and  described  by  the  Abbe  A.  RenardJ  is  of  some  interest  as  the  collection  contains 
‘  augitic  trachytes  ’  from  Greenland  Harbour  and  from  Coronet  Hill  which  are  sufiiciently 
like  some  of  the  trachytoid  phonolites  of  Observation  Hill  type  (e.g.  D3H)  to  suggest 
that  there  may  be  close  similarities  between  the  more  acid  lavas  of  Kerguelen  and  those 
here  described. 

Some  specimens  collected  in  Cumberland  Bay,  Kerguelen,  by  (then)  Surgeon 
Robert  MHormick,  R.N.,  during  the  Antarctic  Expedition  under  Captain  Sir  James 
Clark  Ross  in  1840  [B.M.  75115,  75125,  75128]  also  show  similarities  to  the  Observation 
Hill  type. 


There  are  some  types  of  phonolitic  trachyte  described  by  Prior  and  by  Jensen  which 
were  not  represented  in  the  Terra  Nova  collections.  It  may  be  convenient  to  complete 
the  record  by  recapitulating  here  their  characters. 

613.  Minna  Bluff.  ‘A  dark  greenish-brown  compact  rock  showing  no  phenocrysts  ’ 
(Prior,  op.  cit.  p.  1 1 6) .  The  colourless  minerals  of  the  groundmass  are  feldspar  (orthoclase 
or  anorthoclase)  and  abundant  sodalite  as  small  grains  enclosed  in  feldspar.  This  type 
of  groundmass  with  rather  larger  feldspars  as  microphenocrysts  and  dark  green 
pyroxenes  (aegirine)  is  found  also  in  610  from  the  SE.  end  of  Black  Island  (see  also 
p.  35).  Prior’s  description  of  613  is  as  follows: 

‘Under  the  microscope  are  seen  feathery  flakes  of  pale-green  aegirine-augite,  and 
ragged  tufts  of  cossyrite  and  of  a  brown  altered  mineral  (probably  another  soda- 


*  Washington  (H.  S.),  Chemical  analyses  of  igneous  rocks.  .  .  .  Washington,  1917,  p.  315. 
t  See  Washington  (H.  S.),  op.  cit.  p.  561. 

J  Renard  (A.),  Report  on  the  rock  specimens  collected  on  oceanic  islands  during  the  voyage  of  H.M.S. 
Challenger,  during  the  years  1873-1876.  Challenger  Report,  Physics  and  Chemistry,  vol.  2,  1889,  pp.  130 
and  136. 
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hornblende  or  pyroxene).  These  are  thickly  and  uniformly  distributed  in  a  rather 
unindividualised  base,  showing  indistinct  felspar-laths  and  a  few  magnetite-grains; 
nepheline  is  probably  present  in  the  base,  but  could  not  be  definitely  identified.  The 
aegirine-augite  shows  extinctions  up  to  37°,  and  pleochroism  from  pale  grass-green  for 
vibrations  along  the  length  to  pale  pinkish-yellow  for  those  across  the  length.  The 
cossyrite  has  pleochroism  from  nearly  colourless  to  deep  purplish-brown  or  opaque ;  the 
shreds  were  too  irregular  to  admit  of  a  more  precise  determination  of  the  optical 
characters’. 

622.  Minna  Blufi.  A  dark-green  phonolitic  rock  (Prior,  op.  cit.  p.  116),  with  buffy 
olive  feldspars  up  to  nearly  1  cm.  in  length  in  an  aphanitic  slate-olive  groundmass. 
Prior  writes : 

‘  It  shows  under  the  microscope  numerous  long  prismatic  phenocrysts  of  orthoclase 
and  anorthoclase  in  a  very  fine-grained  base  consisting  of  a  mesh  of  minute  felspar- 
needles  with  globulites  and  microlites  of  green  aegirine-augite.  Small  crystals  of  this 
mineral  are  also  included  in  the  porphyritic  felspars,  and  occur  sparingly  as  phenocrysts. 
The  anorthoclase-phenocrysts  show  no  twin-striations,  but  have  mottled  extinctions; 
the  refraction  is  not  appreciably  higher  than  that  of  Canada  balsam’. 

The  feldspar  phenocrysts  have  refractive  indices  less  than  Canada  balsam  and  have 
most  of  the  characters  of  sanidine  but  they  do  show  in  some  sections  the  faint  twinning 
seen  in  anorthoclase.  They  are  optically  negative. 

The  pyroxene  of  the  phenocrysts  is  light  grape-green  diopside,  non-pleochroic, 
c:y  =  39°  on  the  best  longitudinal  section  seen.  With  it  are  associated  microphenocrysts 
of  magnetite.  In  the  groundmass  the  pyroxenes  are  very  minute,  as  indicated  by  Prior’s 
description,  and  are  very  pale  green.  The  whole  groundmass  is  extremely  fine-grained. 
Microchemical  tests  show  it  to  be  quite  rich  in  nepheline.  Cracks  in  the  rock  are  filled 
with  opaline  silica. 

A  rather  similar  rock  from  Cape  Bird  which  contained  hornblendic  inclusions 
described  by  J.  Allan  Thomson,  has  been  recorded  by  Jensen  as  a  ‘  trachyphonolite  ’ 
[P.  341(653)]  (op.  cit.  p.  119).  It  contains  many  scattered  brown  hornblende  crystals. 

530  from  Black  Island  is  a  phonolitic  trachyte  characterized  by  patches  of  soda- 
amphiboles  among  which  riebeckite  is  prominent.  Microchemical  tests  confirm  the 
presence  of  soda-feldspathoids.  The  hand-specimen  is  pale  olive-grey,  compact,  traversed 
by  brown  cracks  and  patches.  The  feldspar  laths  are  very  slender  and  the  majority  do 
not  exceed  OT  mm.  in  lengfh. 

Prior’s  description  (op.  cit.  p.  116)  is  as  follows: 

‘Under  the  microscope  it  shows  ...  a  fine-grained  trachytic  felt  of  felspar-laths, 
with  much  deep-blue  riebeckite-like  hornblende  scattered  in  minute  shreds  through  the 
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section,  and  accumulated  in  patches  round  small  altered  crystals  of  what  was  once  prob¬ 
ably  nepheline.  The  riebeckite  shows  pleochroism  from  pale-brown  to  colourless  across 
the  length  of  fibres  to  indigo -blue  along  the  length’. 

The  dark  minerals  are  much  altered  in  some  patches,  but  cossyrite,  and  probably 
also  aegirine,  are  present  in  addition  to  riebeckite. 

Lastly  we  must  mention  the  white  phonolitic  trachyte  [607]  from  the  middle  of  the 
crater  of  Brown  Island.  The  feldspars  in  this  rock  are  short  and  stout,  and  the  rock  has 
something  of  the  character  of  an  orthophyre.  Prior’s  description  (op.  cit.  p.  115)  is  as 
follows : 

‘It  is  a  white,  friable  rock,  resembling  a  domite.  It  consists  of  a  fine-grained  aggre¬ 
gate  of  small  felspars  (mostly  short  rectangular,  but  some  lath-shaped)  without  flow- 
structure,  in  the  interstices  of  which  are  distributed  a  few  magnetite-grains  and,  very 
sparingly,  needles  of  dull-green  aegirine-augite ;  a  few  grains  of  aegirine  and  small  crystals 
of  sphene  are  also  present.  The  felspars  have  a  refraction  near  that  of  Canada  balsam, 
and  are  doubtless  mainly  anorthoclase.  With  a  high  power,  under  the  microscope,  are 
seen  nmnerous  minute  and  very  thin  hexagonal  and  square  sections  of  an  undetermined 
mineral,  which  is  isotropic  or  only  very  feebly  doubly-refracting,  and  has  a  refraction 
markedly  less  than  that  of  Canada  balsam.  That  nepheline  is  present  in  the  base, 
although  it  cannot  be  definitely  distinguished,  is  indicated  by  the  chemical  analysis  of 
the  rock.  .  .  .’  The  analysis  is  reproduced  in  column  5,  Table  la.  Some  of  the  feldspars 
show  zoning  on  the  (010)  face  as  well  as  rather  indefinite  twin  lamellae.  The  refractive 
index  for  vibrations  across  the  laths  is  very  near  that  of  balsam  and  possibly  higher, 
while  for  vibrations  along  the  length  it  is  frequently  seen  to  be  less.  The  pyroxenes  give 
extinctions  c:  a  up  to  30°.  Pleochroism;  a  leaf-green,  ^  olive-lake,  y  deep  grape-green. 
Absorption,  a  >j3  >y.  These  characters  correspond  to  aegirine-augite.  The  idiomorphic 
crystals  mentioned  by  Prior  as  so  abundant  are  the  same  as  have  been  referred  to 
sodalite  in  other  rocks  described  above.  The  associated  rock  from  the  crater  lip  [606] 
(Ferrar,  op.  cit.  p.  15)  is  a  trachyte  with  abundant  insets  of  resorbed  hornblende  and,  in 
the  groundmass,  abundant,  pale  yellow,  small  prisms  of  aegirine-augite. 
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TABLE  I.— CHEMICAL  ANALYSES,  NORMS,  ETC.  OF  PHONOLITIC  TRACHYTES  AND 

.  TRACHYTOID  PHONOLITES 

].  Phonolitic  trachyte  (Mount  Cis  type).  "11.6.1.3". 

Mount  Cis,  Mount  Erebus,  Ross  Island.  D.  I.  Bothwell,  anal.  [J13,  1922  =  BM.  1911,  135,  13]. 

2.  Phonolitic  trachyte,  also  ‘Trachyphonolite’,  Jensen,  1916. 

"IL5.1(2).3(4).  Mount  Cis,  Mount  Erebus,  Ross  Island.  Hogarth  anal.  [J13]. 

3.  Trachytoid  phonolite, ‘Phonolitic  trachyte’.  Prior,  1907.  (Trachydolerite  in  Washington,  1917,  p. 
317).  I(II).6.1."4. 

Cape  Crozier,  Mount  Terror,  Ross  Island.  G.  T.  Prior,  anal.  [188]. 

4.  ‘Phonolitic  trachyte’.  Prior,  1907.  "IL"6.(1)2.4. 

(Trachydolerite  in  Washington,  1917,  p.  573.) 

Scott  Island,  Antarctic,  67°  24'  S.,  179°  55-5'  W.  G.  T.  Prior,  anal.  [973]. 

5.  ‘Phonolitic  trachyte’.  Prior,  1907.  1. 6. 1.4. 

Washington,  1917,  p.  317.  Brown  Island,  Ross  Archipelago.  G.  T.  Prior  anal.  [607]. 

6.  Trachytoid  phonolite,  ‘Hornblende-trachyte’,  Prior,  1907.  (I)IL6.1".4. 

Washington,  1917,  p.  563.  Observation  Hill,  Hut  Point,  Ross  Island.  G.  T.  Prior,  anal.  [277]. 

7.  Trachytoid  phonolite,  ‘Altered  Phyro-hornblende  Trach3d;e’,  Jensen,  1916. 

11. 6. "2. 4.  Cape  Bird,  Ross  Island.  Burrows  and  Walkom,  anal.  [J18]. 

8.  ‘  Trachy-andesite ’,  Jensen,  1907.  (1)11. 5. (1)2. 3. 

Timor  Ledges,  Warrumbungle  Mountains,  New  South  Wales.  H.  I.  Jensen,  anal.  [W.l.]. 


TABLE  la.— CHEMICAL  ANALYSES 


1 

2 

3 

4 

5 

6 

7 

8 

Si02 

58-90 

58-94 

57-95 

55-93 

58-64 

55-47 

52-54 

58-95 

Ti02 

1-29 

1-40 

0-40 

0-64 

0-28 

1-32 

1-44 

0-76 

AI2O3 

16-24 

16-33 

20-43 

19-61 

22-55 

20-67 

19-41 

17-04 

FC2O3 

3-56 

2-48 

3-43 

1-75 

0-97 

2-83 

2-90 

2-80 

FeO 

4-43 

5-54 

1-35 

6-32 

0-99 

1-86 

5-31 

4-66 

MnO 

0-18 

0-21 

0-07 

0-13 

trace 

0-02 

0-23 

0-05 

MgO 

0-77 

1-03 

0-26 

0-50 

0-16 

1-43 

1-91 

0-57 

CaO 

2-27 

2-10 

1-90 

3-53 

1-43 

3-43 

4-60 

2-49 

Na20 

5-60 

5-54 

8-32 

7-75 

9-87 

8-33 

7-50 

4-51 

K2O 

5-85 

5-25 

5-96 

3-67 

4-98 

4-86 

3-49 

6-39 

H20  +  110° 

0-28 

0-42 

0-39 

0-19 

0-35 

0-12 

0-16 

1-28 

H20- 

0-54 

0-44 

0-23 

0-10 

0-08 

0-08 

0-08 

0-59 

P205 

0-12 

0-57 

0-07 

0-12 

trace 

0-03 

0-26 

abs. 

C02 

nil 

0-05 

— 

— 

— 

- - 

0-20 

0-06 

Zr02 

0-02 

0-22 

- - 

— 

— 

— 

— 

0-17 

SO3 

— 

0-16 

■ - 

■ - 

— 

- - - 

— 

trace 

SrO 

less  0  for 

Cl  and  F 

0-02 

100-35 

0-033 

0-01 

abs. 

Totals 

100-32* 

100-68 

100-76 

100-24 

100-30 

100-46 

100-03 

100-33t 

*  No.  1  includes  F'  0-04,  CT  0-07,  S"  nil,  (Ce,  Yt)  2O3  0-09,  BaO  0-057,  also  the  following  heavy  metal 
oxides— LizO,  Cr203,  V2O3,  CoO  nil;  M0O3  0-0011,  CuO  0-017,  ZnO  0-006,  PbO  0-0027,  NiO  0-0002. 
t  No.  8  includes  NiO  0-05,  CoO  0.01. 
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TABLE  16.— C.I.P.W.  NORMS 


1 

2 

1 

3 

4 

5 

1 

6 

7 

8 

Q 

_ 

0-78 

_ 

_ 

_ 

_ 

_ 

1-26 

or 

34-75 

30-86 

35-58 

21-68 

29-47 

28-91 

20-57 

37-81 

ab 

45-38 

45-27 

35-63 

39-56 

38-77 

30-39 

32-49 

38-25 

an 

2-22 

5-00 

0-56 

7-78 

2-50 

4-73 

10-29 

7-23 

ne 

0-68 

■ - - 

18-74 

14-06 

24-42 

21-58 

15-34 

— 

hi 

0-12 

— 

— 

— 

— 

— 

— 

— 

<lC 

di 

6-8 

1-65 

1-51 

7-77 

1-86 

7-78 

8-75 

4-55 

wo 

— 

— 

2-90 

— 

0-93 

0-93 

— 

— 

hy 

— 

7-82 

— 

— 

— 

— 

— 

3-94 

ol 

1-4 

— 

— 

5-05 

— 

— 

4-41 

— 

mt 

5-24 

3-71 

3-48 

2-55 

1-39 

2-09 

4-18 

4-18 

il 

2-43 

2-74 

0-76 

1-22 

0-61 

2-58 

2-74 

1-52 

hm 

— 

— 

0-96 

— 

— 

1-44 

— 

— 

ap 

0-34 

1-34 

— 

0-34 

— 

— 

0-67 

— 

cc 

nc 

_ 

0-11 

_ 

_ 

_ 

_ 

0-53 

_ 

th 

— 

0-28 

— 

— 

— 

— 

— 

— 

z 

0-04 

0-37 

— 

— 

— 

— 

— 

— 

Kp 

24-3 

22-75 

22-5 

16-3 

18-1 

20-5 

17-1 

27-7 

Ne 

31-2 

32-0 

42-3 

47-0 

48-7 

47-3 

48-2 

26-8 

Q 

44-3 

45-0 

35-0 

36-2 

22-8 

32-7 

34-7 

45-2 

99-8 

99-75 

99-8 

99-5 

99-6 

100-5 

100-0 

99-7 

TABLE  Ic.— CHEMICAL  ANALYSES  EXPRESSED  AS  CATION  PER  CENT. 


• 

1 

2 

3 

4 

5 

6 

7 

SiOz 

54-74 

54-5 

51-66 

51-5 

51-26 

49-23 

47-69 

TiOz 

0-9 

1-0 

0-27 

0-46 

0-21 

0-92 

0-98 

lAlzOg 

17-75 

17-75 

21-5 

21-25 

23-3 

21-7 

20-75 

^Fez03 

2-52 

1-77 

2-25 

1-22 

0-63 

1-92 

1-96 

FeO 

3-45 

4-281 

1-55 

5-0 

0-74 

1-39 

4-04 

MnO 

— 

0-17/ 

- - 

— 

- - 

— 

0-16 

MgO 

1-07 

1-44 

0-375 

0-70 

0-21 

1-92 

2-61 

CaO 

2-25 

2-11 

1-82 

3-5 

1-32 

3-23 

4-46 

JNazO 

10-0 

9-95 

14-4 

12-08 

16-78 

14-38 

13-2 

iKzO 

7-0 

6-18 

6-85 

4-26 

5-60 

5-56 

4-04 

iP205 

0-11 

0-44 

— 

0-11 

— 

— 

0-22 

S03 

— 

0-22 

— 

— 

— 

— 

— 

ZrOz 

— 

0-11 

— 

— 

— 

— 

— 

SrO 

0-04 

— 

— 

— 

— 

— 

— 

BaO 

0-02 

— 

— 

— 

— 

— 

— 

COz 

— 

0-05 

— 

— 

— 

— 

— 

Totals 

99-85 

99-97 

100-68 

100-08 

100-05 

100-25 

100-11 
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TABLE  W.— EQUIVALENT  NORMS 


1 

2 

3 

4 

5 

6 

7 

Q 

Or 

35-0 

30-90 

34.25 

21-30 

28-0 

27-80 

20-20 

Ab 

48-15 

49-75 

35-27 

45-30 

38-68 

30-35 

32-30 

An 

1-87 

4-05 

1-25 

12-25 

2-30 

4-40 

8-78 

Ne 

Ml 

— 

22-03 

9-06 

27-13 

24-93 

20-22 

Wo 

3-4 

1-14 

3-14 

1-72 

1-72 

4-70 

4-68 

Fni 

1-54 

2-76 

0-74 

0-26 

0-42 

3-82 

2-52 

Fs 

1-86 

4-90 

0-32 

1-46 

0-44 

— 

2-16 

Fo 

0-45 

0-09 

— 

0-85 

_ 

— 

2-02 

Fa 

0-54 

0-18 

- - 

4-80 

— 

— 

1-74 

11 

1-8 

1-17 

0-54 

0-92 

0-42 

1-84 

1-96 

Mt 

3-78 

2-66 

3-37 

1-83 

0-94 

1-41 

2-94 

Hm 

— 

■ - 

— 

— 

— 

0-98 

— 

Ap 

0-3 

1-17 

— 

0-3 

■ — 

— ■ 

0-59 

Totals 

99-8 

99-70 

100.91 

100-05 

100-05 

100-23 

100-11 

Or 

41-1 

36-5 

48-5 

27-2 

40-6 

44-7 

42-2 

Ab 

56-7 

58-9 

50-0 

57-8 

56-1 

48-5 

45-4 

An 

2-2 

4-8 

1-8 

15-6 

3-3 

7-0 

12-3 

TABLE  le.— ‘NIGGLI  VALUES’ 


1 

2 

3 

4 

5 

6 

7 

si 

203 

205 

192-8 

177 

200 

169 

148 

al 

33 

33-3 

40 

36.4 

45 

37 

32-5 

fm 

27 

28-7 

14 

23-7 

6 

18 

27 

c 

8-5 

7-9 

6-5 

11-9 

5 

11 

14 

alk 

31-5 

30-2 

39-5 

28-0 

43-5 

34 

26-5 

ti 

3-3 

3-7 

1-0 

1-5 

0-8 

3-1 

3-0 

k 

0-41 

0-38 

0-32 

0-26 

0-33 

0-28 

0-25 

mg 

0-15 

0-19 

0-1 

0-1 

0-13 

0-36 

0-3 

c/fm 

0-315 

0-275 

0-465 

0-51 

0-83 

0-61 

0-52 

qz 

-27-5 

-25 

-67 

-60-35 

-78-5 

-76 

-76 

P 

0-2 

0-83 

0-1 

0-2 

— 

0-04 

0-34 

TABLE  I/.— ‘BASIS’ 


Z 

0-22 

Cp 

0-28 

1-12 

— 

0-28 

— 

— 

0-55 

Ru 

0-9 

1-0 

0-3 

0-44 

0-21 

0-9 

0-93 

Kp 

20-95 

18-6 

20-5 

12-8 

16-7 

16-6 

12-1 

Ne 

30-25 

29-8 

43-0 

36-2 

50-3 

42-8 

39-5 

Cal 

1-18 

2-56 

0-3 

7-35 

1-62 

2-7 

5-23 

Cs 

2-52 

0-89 

2-6 

1-33 

1-62 

3-5 

3-6 

Fo 

1-62 

2-17 

0-5 

1-0 

0-31 

2-9 

3-93 

Fa 

5-35 

6-69 

1-6 

7-48 

1-1 

2-1 

6-25 

Fs 

3-8 

2-67 

3-4 

1-83 

0-9 

2-9 

2-95 

Q 

33-3 

34-3 

27-8 

31-4 

27-7 

25-6 

25-0 

100-15 

100-02 

100-0 

100-11 

100-46 

100-0 

100-04 

L 

52-38 

50-96 

63-8 

56-35 

68-62 

62-1 

56-83 

M 

14-19 

13-42 

8-47 

12-08 

4-14 

12-3 

17-66 
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III.  KENYTES 

The  observation  that  among  the  volcanic  rocks  of  South  Victoria  Land  were  some 
with  characters  similar  to  some  of  the  volcanic  rocks  of  the  Eift  Valley  of  East  Africa  was 
made  by  G.  T.  Prior*  in  1902  when  describing  the  rock-specimens  collected  by  the 
‘Southern  Cross’  Antarctic  Expedition  of  1899-1900.  Among  the  boulders  collected  by 
Louis  Bernacchi  and  other  members  of  the  expedition  at  Winter  Quarters  on  Cape  Adare 
was  one  that  Prior  described  as  approaching  ‘closely  to  the  rocks  from  Mount  Kenya 
to  which  Prof.  Gregory  has  given  the  name  “Kenyte”  ’.  It  is  rather  a  weathered,  flat 
boulder  about  14  cm.  across  and  is  the  only  one  of  its  kind  in  the  collection  [BM.  85752, 
24]. 

This  seems  to  be  the  first  mention  of  kenyte  in  Antarctica.  The  feldspars  in  this 
rock  do  not  show  the  lenticular  habit  of  the  rhomb-porphyries,  which  has  come  to  be  re¬ 
garded  as  typical  of  Antarctic  kenytes,  but  in  the  same  year  as  that  in  which  Prior 
published  his  observation  quoted  above,  H.  T.  Ferrar  on  the  ‘Discovery’  Expedition  of 
1901-4  was  finding  among  the  basalts  of  Boss  Island  porphyritic  lavas  with  just  such 
lenticular  feldspars  in  great  abundance.  When  G.  T.  Prior  described  these  specimens 
five  years  later  he  recognized  them  at  once  as  exhibiting  characters  ‘almost  precisely 
identical  with  those  of  the  rhomb-porphyries  of  Norway  and  the  more  recent  kenytes  of 
Mounts  Kenya  and  Kilimandjaro  in  East  Africa’.]* 

After  describing  the  rocks  he  wrote  (op.  cit.  p.  Ill):  ‘They  are  almost  precisely 
identical  in  characters  and  chemical  composition  with  the  kenytes  of  Mount  Kenya,  and 
the  description  recently  published  by  Dr  Finckh  of  the  rhomb-porphyries  (kenytes)  of 
Kilimandjaro  could  be  followed  almost  word  for  word  in  an  account  of  these  Antarctic 
rocks.  They  are  alkaline  basalts  or  trachydolerites  (Rosenbusch),  intermediate  in  type 
between  ordinary  basalts  and  phonolites’.  Chemical  analysis  of  a  specimen  from  Cape 
Royds  established  its  very  close  similarity  in  chemical  composition  Avith  the  nepheline- 
rhomb -porphyry  from  Vasvik,  Norway,  and  a  slightly  less  close  similarity  with  a  ‘leucite- 
rhomb-porphyry  ’  from  Kibo,  Kilimandjaro,  and  a  typical  kenyte  from  Moimt  Kenya. 
The  feldspar  of  the  lenticular  insets  was  identified  as  anorthoclase.  Nepheline  was  not 
found  as  insets  nor  could  it  with  certainty  be  detected  in  the  gromidmass  though  its 
presence  was  indicated  by  the  bulk  analysis.  On  the  other  hand  Prior  (op.  cit.  p.  Ill) 
observed  in  the  gromidmass  ‘fairly  numerous,  small,  romided  isotropic  crystals  of 
leucite  .  .  .’. 


*  Prior  (G.  T.),  Report  on  the  rock-specimens  collected  by  the  ‘Southern  Cross’  Antarctic  Expedition 
in  Report  on  the  collections  of  Natural  History  made  in  the  Antarctic  Regions  during  the  voyage  of  the 
‘Southern  Cross’.  London,  1902,  p.  329. 

I  Prior  (G.  T.),  Nat.  Ant.  Exp.  1901-1904.  Nat.  Hist.,  vol.  1,  Geology,  1907,  p.  102. 
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The  section  of  the  chapter  in  which  Prior  described  these  rocks  is  headed  ‘  Kenytes 
(Trachydolerites,  Alkaline-basalts,  Ehomb-porph3n’ies)  ’  and  the  implication  appears  to 
be  that  Prior  regarded  these  names  in  brackets  as  alternatives  or  at  least  as  indicating  the 
position  of  the  kenytes  in  current  rock  classification. 

Jensen* * * §  used  the  name  kenyte  not  only  for  the  lavas  with  lenticular  phenocrysts  of 
anorthoclase  described  and  named  kenyte  by  Prior  but  also  for  lavas  similar  in  most 
respects  to  these  but  containing  ‘rounded  oligoclases  of  tabular  habit’.  For  these  he 
proposed  the  name  ‘basic  kenytes’  distinguishing  the  others  as  ‘acid  kenytes’. 

Such  an  extended  use  of  the  name  ‘  kenyte  ’  is  in  conformity  with  its  original  use  by 
J.  W.  Gregory, f  who  applied  the  name  to  several  porphyritic  lavas  on  Mount  Kenya  of 
different  kinds  including  some  with  phenocrysts  of  potash-oligoclase  similar  to  Jensen’s 
‘basic  kenytes’,  while  others  with  lenticular  anorthoclase  resembled  the  ‘rhomb- 
porphyries’  of  Kilimanjaro.  If  the  name  ‘basic  ken3de’  is  found  to  be  useful  there  is 
no  great  objection  to  Jensen’s  proposal,  but  the  name  ‘kenyte’  without  prefix  should  be 
understood  to  apply  only  to  rocks  closely  resembling  that  type  of  lava  with  lenticular  or 
rhomb-shaped  phenocrysts  of  anorthoclase  from  Mount  Kenya  analysed  by  Prior  (1903, 
p.  246),  those  from  Eoss  Island  described  and  analysed  by  Prior,  and  the  more  extensive 
series  from  Mount  Erebus  and  Eoss  Island  later  described  by  Jensen  as  ‘acid  ken3rfces’. 
It  is  only  the  ‘kenytes’  as  so  defined  which  are  described  in  this  section. 

It  is  now  known  that  there  is  an  important  difference  between  the  rocks  of  Mount 
Kenya  named  kenyte  by  J.  W.  Gregory  and  the  lavas  of  Mount  Erebus  to  which  Prior 
extended  the  name.J  The  kenytes  of  Mount  Kenya  actually  contain  large  insets  of 
nepheline.  These  occur  as  large,  stumpy  prisms  up  to  1  cm.  in  length  and  are  not  at  all 
obvious  or  easy  to  distinguish  at  a  glance  from  the  feldspar  insets  which  are  often  rect¬ 
angular  in  outline.  They  had  eluded  the  observation  of  Gregory  and  Prior  and  it  was 
not  until  the  East  African  volcanic  rocks  were  being  revised  that  these  nepheline  insets 
were  discovered. 

No  such  nepheline  insets  have  been  found  in  any  of  the  Mount  Erebus  ‘kenytes’,  and 
one  is  faced  with  an  awkward  predicament.  The  name  ‘  kenyte  ’  has  been  applied  in  all 
good  faith  to  the  rocks  of  Mount  Erebus  with  the  lenticular  feldspars  and  it  is  now  found 
that  they  lack  one  of  the  essential  characteristics  of  the  type  specimens  from  Mount 
Kenya. 

Elsewhere  §  it  has  been  suggested  that  ‘It  may  be  advisable  to  restrict  the  name 
“kenyte”  to  rocks  like  those  round  the  central  plug  of  Mount  Kenya  (to  which  Gregory 
first  gave  the  name)  in  which  large  crystals  of  anorthoclase  (and  nepheline  more  rarely) 
lie  in  a  black,  glassy  base’,  but  the  name  ‘kenyte’  is  in  such  general  use  and  is  so  well 


*  Jensen  (H.  L).  Brit.  Ant.  Exp.  1907-9,  Geology,  vol.  2,  1916,  pp.  I03-I09. 

t  Gregory  (J.  W.),  Quart.  Journ.  Geol.  Soc.,  1900,  vol.  56,  p.  209. 

f  Smith  (W.  Campbell),  Quart.  Journ.  Geol.  Soc.,  1931,  vol.  87,  p.  242. 

§  Smith  (W.  Campbell),  Bull.  Brit.  Mus.  (Nat.  Hist.),  Mineralogy,  vol.  1,  no.  1,  1950,  p.  8. 
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establisiied  as  a  name  for  the  rocks  of  Mount  Erebus  that  such  a  proposal  would  be  un¬ 
welcome  and  would  not  be  adopted. 

The  situation  is  somewhat  like  that  which  arose  over  the  so-called  essexites  of  the 
Oslo  region  so  named  by  Brogger  in  1 898.  Barth’s  revision  of  the  systematic  petrography 
of  the  plutonic  rocks  of  the  Oslo  region  brought  out  the  fact  that  the  ‘  essexites  ’  of  Oslo 
usually  carry  no  nepheline  whereas  the  type  essexite  of  Salem  Neck,  Essex  County, 
Massachusetts,  carries  nepheline  in  fair  abundance  (10%).  Barth  wished  to  propose  the 
name  kauaiite  in  place  of  ‘  essexite  ’  for  the  Oslo  rocks  but  realising  that  such  a  change 
would  mean  a  great  innovation  for  Norwegian  geologists  he  proposed  as  a  compromise  to 
use  the  name  ‘  Oslo-essexite  ’  always  bearing  in  mind  the  distinction  between  ‘  Oslo- 
essexite’  and  the  original  essexite  of  the  Essex  County  type  of  rock.*  He  himself,  how¬ 
ever,  went  on  to  use  ‘Oslo-essexite’  more  loosely  as  a  group  name  including  quite  a 
range  of  rocks  occurring  in  the  old  volcanic  bosses  of  the  Oslo  region. 

One  might  perhaps  adopt  a  similar  device  for  the  kenytes  of  Mount  Erebus  and  refer 
to  them  as  Erebus-kenytes  or  Antarctic-kenytes  bearing  in  mind  that  they  differ  in  one 
essential  from  the  kenytes  of  Mount  Kenya.  It  would  be  even  simpler  to  refer  to  them 
in  the  field  as  ‘rhomb-porphyries’  and  to  describe  them  systematically  as  porphyritic 
anorthoclase-phonolites  (Erebus  type),  but  one  feels,  as  Barth  did  about  the  essexites, 
that  whatever  alteration  in  the  name  one  proposes  will  be  rejected,  and  to  all  who  know 
these  Erebus  rocks  in  the  field  and  in  petrographical  collections  kenytes  they  are  and 
kenytes  they  will  remain. 

Desceiption  of  the  hand-specimens 

The  kenytes  of  Ross  Island  are  porphyritic,  usually  somewhat  vesicular  or  drusy, 
with  very  abundant  insets  of  feldspar  ranging  up  to  3  cm.  in  length  and  usually  lozenge¬ 
shaped  in  section  (PI.  2,  Fig.  1).  Prior  gave  a  line  drawing  of  a  specimen  from  Turtle 
Back  Island  (op.  cit.  fig.  62)  and  David  and  Priestley  figured  a  weathered  boulder  from 
the  moraine  at  Cape  Royds  (op.  cit.  1914,  pi.  57,  fig.  1). 

As  described  by  Jensen  the  groundmass  varies  from  ‘  holocrystalline  ...  to  h}q)o- 
crystalline  (hyalopilitic),  hemicrystalline  (vitrophyric),  and  holohyaline’  (op.  cit.  p.  105). 
In  colour  it  varies  from  dark  olive-grey  in  the  holocrystalline  to  shiny  black  in  the  holo¬ 
hyaline,  wholly  glassy,  specimens.  Some  specimens  are  vinaceous  brown  to  brick-red, 
possibly  where  lavas  have  been  exposed  to  escaping  volcanic  gases.  The  extremely 
vesicular  type  from  Hooper’s  Shoulder  on  Erebus  has  abundant  feldspar  insets  in  a 
black  iridescent  glass,  and  the  spongy  pumice  that  forms  the  matrix  of  the  large  anortho- 
clase  crystals  found  at  the  summit  of  Erebus  and  on  the  floor  of  the  second  crater  is  dark 
brown,  almost  black  (PI.  1,  Fig.  2).  A  block  of  this  pumice  was  figured  by  Da\dd  and 
Priestley  (op.  cit.  pi.  64,  fig.  1). 


*  Barth  (Tom.  F.  W.).  Skrift.  Norske  Vidensk.  Akad.  Oslo,  1.  Mat.-Naturv.  KL,  1944,  No.  9  (1945), 
pp.  29-31. 
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This  brown  pumice  is  extremely  friable,  and  is  very  difficult  to  transport,  but  never¬ 
theless,  some  large  pieces  were  brought  back  by  the  Expedition.  At  first  sight  it  appears 
to  contain  no  phenocrysts  but  closer  examination  reveals  anorthoclase  crystals,  so  com¬ 
pletely  coated  with  pumice  as  to  be  distinguishable  only  with  difficulty  in  the  hand- 
specimen. 


Desceiption  of  the  thin  sections 

The  Insets  {'phenocrysts) 

The  insets  in  the  kenytes,  in  addition  to  the  well-known  and  very  abundant  feldspars, 
comprise  small  olivines,  pyroxene,  rather  less  frequent  than  the  olivine,  and  very  small 
crystals  of  opaque  ‘ores’,  probably  ilmenite  and  magnetite. 

The  FELDSPARS  occur  as  good  crystals  bounded  by  the  forms  M  (lIO),  m  (110),  and 
y  (201)  and  giving  the  well-known  lozenge-  or  rhomb-shaped  sections  on  some  cleavage 
faces.  They  are  quite  similar  in  habit  to  the  abundant  insets  of  the  rhomb-porphyries 
of  the  Oslo  region  of  Norway. 

Prior* * * §  was  the  first  to  describe  these  crystals  from  the  Antarctic.  He  identified 
them  as  anorthoclase  following  Eosenbuschl  and  Finckh  J,  who  had  applied  the  name  to 
the  insets  in  the  Oslo  rhomb-porphyries  and  to  the  somewhat  similar  crystals  in  some  of 
the  lavas  of  Kilimanjaro. 

Prior’s  description  of  the  feldspar  insets  is  as  follows :  ‘  They  almost  invariably  show 
minute  twin-striations,  occasionally  in  two  rectangular  directions  according  to  the  albite- 
and  pericline-laws.  Like  the  similar  phenocrysts  in  the  kenytes  of  Moimt  Kenya,  they 
contain  numerous  inclusions  of  glassy  base,  and  also  occasionally  inclusions  of  olivine, 
augite,  apatite,  and  magnetite  or  ilmenite. ...  In  physical  characters  they  agree  perfectly 
with  the  anorthoclases  of  Pantelleria  and  Kilimandjaro.  The  specific  gravity  is  2*62. 
Cleavage-flakes  parallel  to  b(OlO)  show  a  positive  bisectrix,  slightly  inclined,  and  give  an 
extinction  angle  with  the  trace  of  c(OOl)  of  about  6°,  while  cleavage-flakes  parallel  to 
c(OOl)  have  extinctions  of  about  1°.  The  refraction  was  about  the  same  as  clove-oil 
(1-538).  Wolff  (quoted  by  Finckh)  found  the  value  of  y  for  the  anorthoclase  of  Kili¬ 
mandjaro  to  be  1-5376’. 

E.  D.  Mountain!  thoroughly  investigated  the  crystals  found  loose  on  the  crater 
slopes  of  Mount  Erebus,  utilizing  material  collected  by  members  of  the  ‘  Terra  Nova ' 
Expedition.  He  used  sections  ground  parallel  to  the  cleavage  faces  and  also  cut  at  right 
angles  to  both  cleavages.  Analyses  were  made  on  portions  of  the  same  crystals.  The 


*  Prior  (G.  T.),  op.  cit.  1907,  p.  112. 

I  Rosenbusch  (H.),  Mikroskopische  Physiographie.  .  .  .  1905,  vol.  1,  part  2,  p.  329. 

I  Finckh  (L.),  Die  Rhombenporphyre  des  Kilimandscharo.  Festschrift  Harry  Rosenbusch  .  .  .,  1906, 
p.  375. 

§  Mountain  (E.  D.),  Potash-oligoclase  from  Mt.  Erebus,  Antarctic,  and  anorthoclase  from  Mt. 
Kenya,  East  Africa.  Min.  Mag.,  1925,  vol.  20,  pp.  331-45. 
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extinction  angles  differ  from  those  given  by  Prior  but  specific  gravity  and  refractive 
indices  agree.  Mountain’s  values  are  as  follows: 

The  cleavage  angle  (001) :  (010),  measured  on  very  small  fragments  from  three 
different  crystals,  averaged  87°,  89°  45',  and  88°. 

Extinction  on  (001)  measured  on  sections  from  the  three  crystals:  2'3°-^'5°, 
average  3-4°;  average  2-7°;  and  l-8°-3'2°,  average  2-6°. 

Extinction  on  (010):  3-4°-5-9°,  average  4*7°;  l-8°-3-2°,  average  2-6°;  and  3-7°. 

Eefractive  indices;  a  1-536,  j3  1-539,  y  1-541.  2V  62°.  Sp.  gr.  2-620. 

The  chemical  analyses,  which  are  quoted  in  columns  9  and  10  in  Table  Ila, 
correspond  to  the  formulae  Or :  Ab :  An  =  18 :64 :18  for  one  and  19:64:17  for  the  other 
analysis. 

On  the  basis  of  these  compositions  Mountain,  following  H.  L.  Ailing,  classified  the 
feldspar  as  potash-oligoclase.  The  corresponding  crystals  (insets)  in  the  kenytes  of 
Mount  Kenya,  with  a  little  less  CaO  and  a  little  more  K2O,  fall,  however,  in  the  composi¬ 
tion  range  suggested  by  Ailing  for  ‘anorthoclase’. 

By  examining  on  the  universal  stage  the  sections  used  by  Mountain  it  has  been 
possible  to  confirm  the  orientation  and  the  extinction  angles,  cleavage  angle,  and  apparent 
optic  axial  angle  as  obtained  by  him  on  specially  oriented  sections.  The  optic  axial 
plane  is  approximately  parallel  to  (001).  Albite-lamellae  are  very  well  developed  and, 
as  C.  Oftedahl  remarks,  are  best  observed  in  a  section  normal  to  the  axis  [100].  Some  of 
the  albite  lamellae  are  wide  enough  to  allow  a  measurement  to  be  made  of  the  extinction 
angle,  but  it  has  not  proved  possible  to  determine  the  orientation  of  the  principal  planes 
by  the  classical  Fedorov  method.  Some  broad  lamellae  that  appear  at  first  sight  to  be 
quite  simple  give  the  impression  in  certain  positions  and  lighting  that  they  are  actually 
crossed  by  sub-microscopic  lamellae.  The  cleavage  angle  001 :010  is  so  near  90°  that  it 
is  difficult  to  decide  whether  extinction  angles  measured  in  the  plane  at  right  angles  to 
them,  1  to  [100],  should  be  read  as  ‘positive’  or  ‘negative’  and  the  angles  accordingly 
do  not  give  unambiguous  results.  The  extinction  angles  obtained  could  be  interpreted 
as  indicating  a  plagioclase  with  Anio,  but  the  value  of  the  apparent  optic  axial  angle, 
62°,  which  was  confirmed  by  several  new  measurements  on  the  universal  stage,  is  quite 
abnormal  for  any  plagioclase. 

The  Mount  Erebus  feldspars  were  not  among  those  studied  by  Edmondson  Spencer 
in  his  first  examination  of  the  stability  relations  of  alkali-feldspars.*  They  are  in  com¬ 
position  outside  the  range  either  of  his  orthoclase-microperthites  or  microcline-micro- 
perthites  in  none  of  which  does  the  orthoclase  fall  below  43  per  cent  nor  the  albite  rise 
above  51  per  cent.  Edmondson  Spencer  did,  however,  give  careful  consideration  in  his 
second  paper  to  what  he  described]'  as  ‘Mountain’s  series’,  i.e.  AbesOrss-AbgsAnss  and 


*  Spencer  (Edmondson),  Min.  Mag.,  1930,  vol.  22,  pp.  291-367. 
t  Spencer  (Edmondson),  Min.  Mag.,  1937,  vol.  24,  p.  489. 
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lie  made  new  analyses  and  measured  the  optic  axial  angle  of  three  feldspars  in  the  same 
range  of  composition  as  those  from  Mount  Erebus  (including  one  from  Mount  Kenya). 

E.  Spencer  came  to  the  conclusion  that  there  was  a  discontinuity  in  the  potash-soda- 
feldspar  series  above  60  per  cent  of  the  soda-component  (op.  cit.  p.  490)  and  that  ‘with 
the  amount  of  lime  usually  present  in  crystallizing  magma,  homogeneous  potash-soda 
felspars  are  not  produced’  between  the  limits  Abgo-eo  and  Or3o_2o  in  the  Ab-Or-An 
feldspars. 

Mountain  thought  of  the  Erebus  crystals  and  others  like  them  as  ‘undercooled  solid 
solutions  due  to  crystallization  in  a  very  viscous  magma  in  the  presence  of  mineralizers 
and  to  relatively  rapid  cooling  precluding  diffusion  and  exsolution’.  He  favoured  the 
early  view  advocated  by  Mallard  and  A.  Michel-Levy  that  the  apparent  monoclinic 
symmetry  of  these  feldspars,  especially  as  indicated  by  cleavage  angles  near  90°,  was 
due  to  sub-microscopic  twinning  of  a  truly  triclinic  structure  but  he  noted  that  the  effect 
of  the  twinning  on  the  extinction  angles  remained  obscure  (op.  cit.  pp.  340-1). 

The  actual  temperature  at  which  the  ‘  anorthoclase  ’  crystals,  both  of  Mount  Erebus 
and  Mount  Kenya,  become  (or  appear  to  become)  monoclinic  has  been  determined  by 
W.  Scott  Mackenzie  using  an  X-ray  method  which  is  described  in  his  paper.* * * § 

The  inversion  temperature  for  the  Mount  Erebus  crystals,  Ori7.9  Ab63.2  Auig.g, 
Mackenzie  found  to  be  600°  C.,  not  very  far  removed  from  the  inversion  temperature 
(540°)  he  determined  optically  and  by  the  X-ray  method  for  anorthoclase,  Or23Ab69.5 
An7.5i,  from  a  soda -trachyte  from  Ropp,  Nigeria,  recently  described  by  J.  R.  F.  Joyce  and 
P.  M.  Game.f 

The  synthetic  crystals  comparable  to  the  Mount  Erebus  feldspars,  Or2oAb7oAnio, 
hydrothermally  crystallized,  have  an  inversion  temperature  of  675°  C.  This  is  very 
much  higher  than  the  inversion  temperatirre  proper  to  Or2oAn8o  on  the  curve  plotted  for 
the  simple  binary  system  (op.  cit.  fig.  3).  On  the  other  hand  the  temperature  determined 
for  anorthoclase  from  Mount  Kenya,  Or28.1Ab6i.8An10.i5  140°  0.,  is  35°  lower  than  that 
for  the  synthetic,  hydrothermally  crystallized  Or3oAb7o  but  40°  higher  than  the  inversion 
temperature  determined  for  crystals  Or3i.7Ab68.5Ani.8  from  the  Azores  (op.  cit.  table  2). 

Since  Mountain’s  paper  was  published  the  feldspar  insets  of  the  rhomb-porphyries, 
which  the  Mount  Erebus,  Kenya,  and  Kilimanjaro  feldspar  have  always  been  thought  to 
resemble,  have  been  investigated  by  E.  Baier J  and  E.  Ljmigner  §  and  more  recently  by 
C.  Oftedahl.ll 


*  Mackenzie  (Wm.  Scott),  Amer.  Journ.  Sci.,  1952,  Bowen  Volume,  Part  2,  pp.  319-342. 

t  Joyce  (J.  R.  F.)  and  Game  (P.  M.),  Bull.  Brit.  Mus.  (Nat.  Hist.),  Mineralogy,  Vol.  1,  No.  3,  1952, 
pp.  85-91. 

I  Baier  (E.),  Lamellenbau  und  Entmischungsstruktur  der  Feldspat.  Zeits.  Krist.,  1930,  vol.  73,  pp. 
530-1  and  fig.  9. 

§  Ljungner  (E.),  Bull.  Geol.  Inst.  Upsala,  1930,  vol.  21,  pp.  45-55. 

II  Oftedahl  (C.),  Studies  on  the  igneous  rock  complex  of  the  Oslo  region.  VI.  On  akerites,  felsites  and 
rhomb  porphyries.  Skrift.  Norske  Vidensk.  Akad.  Oslo,  1,  Mat.-Nat.  Kl.  1946,  No.  1,  pp.  37-49;  also  IX. 
The  feldspars.  Ibid.  1948,  No.  3,  pp.  9  et  seq. 
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Oftedahl,  using  the  universal  stage,  found  that  the  optical  properties  considered 
characteristic  of  ‘  anorthoclase  ’  are  due  to  very  fine  albite-tvdn  lamellae,  and  that  accord¬ 
ing  to  refractive  index  measurements  using  the  immersion  method  the  main  feldspar  of 
the  insets  in  the  Oslo  rhomb -porphyries  is  plagioclase  of  composition  Anao^o  but  that 
they  contain  from  5  to  20  per  cent  of  an  antiperthite  component  in  detached  patches  that 
are  often  spotted  and  cloudy.  In  another  type  the  insets  ‘  are  selvaged  by  a  broad  zone 
of  alkali-feldspar  which  passes  over  into  the  groundmass  wdth  gradual  transitions’  (op. 
cit.  1946,  p.  37). 

An  analysis  of  insets  from  the  rhomb-porphyry  dike  at  Tyveholmen  in  the  Oslo 
region  is  given  in  column  12,  Table  Ila.  The  extinction  angle,  a  \  a,  measured  by  Ofte¬ 
dahl  is  8°  and  2V(-)  80°.  The  mode  of  the  feldspar  is  calculated  as,  Or28.i  Absa.s 
Auig.e,  but  Oftedahl  finds  30-50  per  cent  antiperthitic  alkali-feldspar  in  the  insets  seen 
in  a  thin  section,  and  the  refractive  indices  determined  by  the  immersion  method  indicate 
An3o_4o  for  the  main  plagioclase  component.* 

Oftedahl  attempted  a  similar  explanation  of  the  feldspar  insets  in  the  Kilimanjaro 
rhomb-porphyries  and  the  insets  in  a  ‘rhomb  porphyry  from  Mount  Erebus’  in  W.  C. 
Brogger’s  collection  and  suggested  that  the  crystals  were  albitic  perhaps  with  a  rim  of 
alkali-feldspar  in  the  case  of  the  Kilimanjaro  insets.  However,  the  optic  axial  angles, 
around  60°,  are  quite  abnormal  and  the  refractive  indices  and  extinction  angles  measured 
on  (001)  and  (010)  cannot  be  consistently  matched  with  any  plagioclase,  and  it  is  difficult 
to  see  what  optical  measurement  can  be  trusted  to  give  the  composition  of  the  plagioclase 
component.  In  the  Oslo  rhomb-porphyries  antiperthitic  alkali-feldspar  is  visible  but 
it  appears  that  Oftedahl  envisages  cryptoperthites  composed  of  sub-microscopic  lamellae 
of  orthoclase  and  albite  twinned  on  the  albite-law  and  resulting  in  an  apparently  mono¬ 
clinic  form. 

Further  X-ray  work  on  the  Mount  Erebus  and  Mount  Kenya  crystals  may  ultimately 
resolve  some  of  these  problems.  So  far  as  I  am  aware  X-ray  studies  other  than  the 
observations  made  by  W.  Scott  Mackenzie  to  determine  inversion  temperatures  have  not 
been  made  on  the  Moimt  Erebus  or  Mount  Kenya  crystals.  They  were  not  included  in 
the  series  of  potash-soda-feldspars  examined  by  Chao,  Smare,  and  Taylor  f,  who  used 
only  E.  Spencer’s  ‘orthoclase-microperthites’. 

The  important  work  of  0.  F.  Tuttle  J  on  ‘  Optical  studies  on  alkali  feldspars  ’  does  not 
directly  tlirow  light  on  the  Mount  Erebus  feldspars  as  the  high  anorthite-content  of  the 
latter  really  removes  them  from  the  range  of  compositions  studied  by  Tuttle.  Admittedly 
Tuttle  included  in  his  list  the  analysis  by  Edmondson  Spencer  of  feldspar  from  Kenya  and 
the  analyses  by  E.  D.  Mountain  quoted  by  him,  but  optical  properties  of  the  Moimt 


*  The  equivalent  normative  composition  of  this  feldspar  is  plotted  at  No.  12  on  a  triangular  Or-Ab-An 
diagram  (Fig.  3)  on  which  are  also  plotted  the  equivalent  normative  compositions  of  the  potash-oligoclase  of 
Erebus  and  the  anorthoclase  of  Mount  Kenya  analysed  by  Mountain. 

t  Chao  (S.  H.),  Smare  (D.  L.)  and  Taylor  (W.  H.),  Min.  Mag.,  1939,  vol.  25,  pp.  338-350. 

I  Tuttle  (0.  F.),  Amer.  Journ.  Sci.,  1952,  Bowen  Volume,  Part  2,  pp.  553-567. 
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Erebus  crystals,  when  plotted  against  Or :  Ab  +  An,  fall  far  wide  of  the  curves  obtained 
by  Tuttle  either  for  his  ‘  orthoclase-cryptoperthites  ’  or  his  sanidine-anorthoclase-micro- 
perthites. 

For  the  purpose  of  this  purely  petrographic  paper  it  seems  best  to  refer  to  the  Mount 
Erebus  feldspars  as  ‘anorthoclase’,  leaving  it  to  be  understood  that  they  may  in  fact  be 
oligoclase  with  a  high  potash  content,  ‘  potash-oligoclase  ’  as  defined  in  Mountain’s  paper. 

t 

TABLE  II.— CHEMICAL  ANALYSES  OF  FELDSPARS 

9.  Potash-oligoclase  (E.  D.  Mountain,  type  1),  Mount  Erebus. 

10.  Potash-oligoclase  (E.  D.  Mountain,  type  2),  Mount  Erebus. 

11.  Anorthoclase,  Mount  Kenya,  ‘in  tuffs  on  the  slopes  of  the  crater’.  Analyst  9,  10,  and  11. 

E.  D.  Mountain.  Min.  Mag.,  1925,  vol.  20,  p.  336. 

12.  Phenocrysts  of  rhomb-porphyry  dike,  Tyveholmen,  Oslo  region,  Norway.  Anal.  A.  Thorkildsen. 

(C.  Oftedahl,  Skrift.  Norske  Vidensk.  Akad.  Oslo,  1.  Mat.-Nat.  Kl.,  1946,  No.  1,  p.  24.) 

TABLE  Ila.— CHEMICAL  ANALYSES 


9 

10 

11 

12 

S102 

62-79 

62-49 

64-33 

53-75 

T102 

_ 

— 

— 

— 

A1203 

22-12 

21-86 

20-94^ 

Fe203 

0-36 

0-30 

0-20^ 

29-94 

FeO 

0-41 

1-31 

0-58J 

MnO 

— 

— 

— 

■ - - 

MgO 

— 

0-16 

— 

1-18 

CaO 

3-76 

3-74 

2-01 

4-06 

Na20 

7-35 

7-20 

7-22 

4-84 

K2O 

2-98 

3-26 

4-71 

3-85 

H20  +  110° 

0-19 

0-04 

0-27 

— 

H20-110° 

0-07 

— 

0-10 

— 

P205 

— 

— 

— 

— 

100-03 

100-36 

100-36 

97-62 

Sp.  gr. 

2-620 

2-620 

2-602 

— 

TABLE  II6.— C.I.P.W.  NORMS 


9 

10 

11 

or 

17-8 

19-24 

27-9 

ab 

62-1 

60-2 

60-6 

an 

18-7 

17-8 

10-1 

mt 

0-6 

0-46 

0-2 

FeSiOg 

0-5 

di.  0-73 

- - 

Q 

0-4 

■ - 

— 

ol 

— 

1-63 

(Fa)  0-7 

ne 

— 

0-5 

0-2 

— 

— 

C  0-3 

100-1 

100-56 

100-0 
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TABLE  lie.— CATION  PER  CENT 


9 

10 

11 

12 

SiOa 

56-3 

55-8 

57-6 

50-9 

Ti02 

— 

- - - 

— 

0-3 

2-^203 

23-3 

23 

22 

22-5 

2-Fe203 

0-28 

0-2 

0-131 

R.Q 

FeO 

0-33 

0-97 

0-43J 

o*y 

MnO 

— 

— 

— 

— 

MgO 

— 

0-21 

— 

1-7 

CaO 

3-62 

3-57 

1-93 

4-1 

iNa20 

12-70 

12-45 

12-48 

8-9 

iK20 

3-44 

3-71 

5-35 

4-1 

99-97 

99-96 

99-92 

99-4* 

TABLE  IIcZ.— EQUIVALENT  NORMS 


9 

10 

11 

12 

Or 

17 

18-5 

26-75 

23-5 

Ab 

63-5 

61-6 

62-4 

44-5 

An 

18 

17-1 

9-65 

20-5 

Mt 

0-45 

0-3 

0-2 

6-6 

Hy 

0-36 

Di  0-6 

Hy  0-3 

3-4 

Q 

0-5 

— 

— 

- - - 

_ 

01  1-4 

01  0-3 

— 

— 

— 

— 

11  0-6 

— 

Ne  0-4 

- - 

- - 

— 

— 

C  0-3 

C  0-7 

99-8 

99-9 

99-9 

99-8* 

Or 

17-22 

19 

27 

_ 

Ab 

64-50 

63 

63 

— 

An 

18-25 

18 

10 

— 

99-97 

100 

100 

— 

*  Oftedahl  (C.),  Skrift.  Norske  Vidensk.  Akad.  Oslo,  I.  Mat.-Nat.  KL,  1946,  No.  1,  p.  42.  A  pro¬ 
portion  of  the  total  for  Al203-fFe203  has  been  allotted  to  Fe203  and  Ti02. 


The  OLIVINE  insets  in  the  kenytes  are  as  a  rule  allotriomorphic,  generally  less  than 
1  mm.  in  diameter,  irregular  and  rounded  in  outline,  and  pale  yellow  in  colour.  A  series 
of  measurements  on  the  universal  stage  gave  2V  80°  ±  5°,  optically  -  ,  indicating  a  com¬ 
position  around  fayalite  37  ±  11  %.  The  crystals  measured  were  in  sections  of  two  holo- 
crystalline  kenytes  [DSE  and  D68E]  from  Cape  Evans  and  two  [D6R  and  DlSR]  from 
Cape  Royds  (see  PI.  4,  Fig.  2). 

PYROXENE  insets  (PI.  4,  Fig.  3)  are  less  frequent  than  the  olivines.  In  size  the 
largest  measured  was  4  mm.  long.  The  colour  in  thin  section  is  very  pale,  sometimes 
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nearly  colourless.  Shades  recorded  in  the  nomenclature  of  Ridgway  are :  pallid  purple 
drab ;  mineral  grey  to  court  grey  and  light  mineral  grey ;  olive-buff  and  pale  olive-buff. 
An  exceptional  yellow  pyroxene  developed  in  one  of  the  coarse-grained  kenytes  is  re¬ 
ferred  to  separately  below. 

Extinction  angles  measured  range  in  twelve  different  sections  from  22°  to  47°  for 
c:y.  Measurements  on  the  universal  stage  on  3  sections  gave  2V  60°  (  +  )  and  c:y, 
obtained  graphically,  49°. 

Prior  described  the  pyroxene  insets  as :  ‘generally  without  distinct  crystalline  outline, 
and  consist  of  a  pale-gray  or  brown  augite  having  angles  of  extinction  over  40°  ’.  Jensen 
referred  to  them  as  aegirine  in  J44,  J40,  and  J25,  and  as  aegirine-augite  in  J47  and  Jo 
from  Cape  Evans,  and  also  in  J48,  P54,  and  Poo  (a  leucite-bearing  type)  from  Cape 
Royds  and  Cape  Barne.  He  gives  no  optical  data  other  than  one  extinction  angle  in 
J47  (38°). 

The  opaque  ‘ores’  are  tentatively  referred  to  magnetite  following  Prior  and  Jensen, 
but  ilmenite  is  definitely  proved  in  the  inclusion  in  kenyte  [Dl2Eb]  by  an  X-ray  powder 
photograph.  Some  magnetite  is  associated  with  the  ilmenite  in  this  specimen.  The 
opaque  ‘  ores  ’  occur  only  as  very  small  crystals  and  rarely  rank  as  insets. 

Varieties  of  kenytes,  {a)  with  holocrystalline  and  hemicrystalline  ground'tnass 

The  mineral  composition  can  best  be  made  out  in  the  most  coarse-grained  holo¬ 
crystalline  specimens,  e.g. :  D68E  and  D70E,  erratics  from  Deviation  Hill,*  Cape  Evans 
region;  D26E,  from  the  base  of  The  Slipper,  E.  of  Cape  Evans;  and  Jensen’s  J40,  from 
Cape  Evans. 

The  main  constituent  is  the  feldspar,  referred  by  both  Prior  and  Jensen  to  anortho- 
clase,  but  it  does  not  show  the  fine-scale  twinning  and  it  may  be  orthoclase.  It  occurs 
chiefly  as  lath-shaped  Carlsbad  twins  ranging  up  to  1  mm.  in  length  in  the  very  coarsest 
grained  specimens  but  usually  less  than  0-25  mm.  and  averaging  perhaps  0-2  nun.  (see 
Jensen,  op.  cit.  pi.  2,  fig.  2).  The  other  colourless  constituents  of  the  groundmass  are 
nepheline  in  considerable  amount ;  some  interstitial  patches  of  sodalite  or  analcime,  and 
some  patches  of  turbid  glassy  base.  The  ‘  dark  ’  minerals  are  olivine,  grains  and  minute 
prisms  of  pale  greyish  green  or  pale  purple-drab  (D70,  D26R  micro-insets)  pyroxene 
with  c:y  =  43°,  and  some  aegirine,  one  or  more  soda-amphiboles,  very  small  magnetite  or 
ilmenite  crystals  and  grains,  and  apatite  (PI.  4,  Fig.  1). 

One  dark  brown  amphibole  is  probably  cossyrite.  A  paler  brovmish  one  varies  in 
colour  from  cinnamon  to  warm  buff  with  a  tinge  of  green  and  gives  c:y  =  28°  [D68E]. 
Another  gave  c:y  =  12°  and  pleochroism;  a'  tawny  olive  to  yellowish  olive,  y'  dark 
greenish  olive.  Absorption,  y'>a'. 

Some  interstices  between  the  feldspar  laths  are  occupied  by  pale  yellow  isotropic 
‘  glass  ’  of  higher  refractive  index  than  the  feldspar.  Sometimes  larger  interstitial  patches 


*  SE.  of  the  end  of  Island  Lake.  See  Fig.  2. 
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[D68E]  are  occupied  by  a  finer-grained  variation  of  the  groundmass  in  wliicfi  curved, 
slender  feldspars  traverse  plates  of  soda-amphiboles  (cossyrite  and  another,  greenish 
yellow  in  colour)  and  interstitial  nepheline  with  probably  sodalite.  There  are  a  few 
patches  of  turbid  glassy  base,  some  of  which  is  seen  to  be  enclosed  by  the  feldspar 
(anorthoclase)  insets. 

An  erratic  from  The  Ramp,*  Cape  Evans,  collected  by  Debenham  [Dl2E]  provided 
three  specimens  of  a  type  of  kenyte  not  hitherto  described.  Debenham’s  catalogue  refers 
to  the  erratic  as  light  greyish  pink,  but  this  description  only  applies  to  one  of  the  three 
pieces  collected.  As  regards  the  other  two  [Dl2Ea  and  D12E6]  small  parts  of  the  hand- 
specimen  are  dark  grey,  coarse-grained  kenyte  similar  to  those  described  above,  and  only 
irregular  patches  are  the  lighter  colour.  These  lighter  parts  are  deep  olive-buff.  It 
appears  that  they  owe  their  colour  to  the  presence  in  unusual  abundance  of  a  pale  pyro¬ 
xene,  which  is  yellow  in  thin  section. 

The  feldspar  insets  are  of  the  characteristic  shape  and  show  the  usual  very  fine 
twinning.  They  contain  numerous  inclusions  round  their  edges  and  show,  perhaps  more 
than  usual,  inclusions  of  a  feldspar  of  lower  index  than  the  host.  The  areas  between  the 
insets  are  partly  ‘  groundmass  ’  consisting  of  feldspar  laths,  presumed  interstitial  nephe¬ 
line,  and  very  small  grains  of  iron  ‘  ore  ’,  and  pyroxene.  The  feldspars  are  very  frequently 
in  small  spherulitic  groups.  The  bright  yellow  pyroxene  occupies  areas  where  the  feld¬ 
spar  (and  nepheline  ?)  are  granular  and  clear,  and  the  pyroxene  is  closely  associated  with, 
and  sometimes  forms  clots  with,  an  opaque  iron  ‘  ore  ’  and  with  crystals  of  faintly  brown 
apatite.  Some  of  the  iron  ‘ore’  is  ilmenite  (X6095).f 

The  pyroxene  is  aegirine-augite  very  near  to  acmite.  The  colour  is  straw-yellow; 
pleochroism  very  weak;  extinction  c:a  up  to  17°;  refractive  indices,  y'  just  less  than 
1-737,  a'  greater  than  1-712.  Sp.  gr.  between  3-16  and  3-27.  2V  has  not  been  measured 
successfully.  An  X-ray  photograph  confirmed  that  it  is  a  member  of  the  clinopyroxene 
series;  and  a  spectrogram  showed  Na,  Mg,  Al,  Ti,  Si,  Fe,  Ca,  with  a  little  P,  the  last 
probably  admixed  apatite  (X6083,  spectro.  111). 

Attempts  to  get  definite  measurements  of  c :  a  and  2V  on  the  universal  stage  were  not 
successful  and  the  value  given  for  c:a  may  be  too  low  as  higher,  though  less  reliable, 
measurements  than  17°  were  observed. 

An  analysis  made  of  a  sample  of  one  of  the  specimens  of  Dl2E,  shown  in  column  A 
below,  when  compared  with  the  analysis  of  a  typical,  coarse-grained  kenyte  [D70E],  shows 
slightly  higher  Na20,  Fe203,  Si02  and  lower  CaO,  AI2O3,  and  FeO.  These  differences 
are  small  and,  though  they  operate  in  the  right  direction,  they  are  not  large  enough  for 
acmite  to  appear  in  the  C.I.P.W.  norm. 


*  The  position  of  The  Ramp  is  shown  in  the  sketch-map  of  Cape  Evans  in :  Taylor  (Griffith),  The  physio¬ 
graphy  of  the  McMurdo  Sound  and  Granite  Harbour  region.  Brit.  Ant.  (Terra  Nova)  Exp.,  1910-1913 
1922,  fig.  82,  p.  76.  It  is  also  shown  in  Fig.  2. 

t  Numbers  preceded  by  ‘  X  ’  refer  to  X-ray  photographs  in  the  Department  of  Mineralogy,  British 
Museum  (Natural  History). 
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As  the  content  of  Fe203  in  this  rock  is  of  particular  importance  it  is  unfortunate  that 
the  FeO  could  not  be  determined  directly  by  the  Pratt  method.  The  analyst  reports 
that  when  the  sample  used  for  FeO  determination  was  attacked  with  HF  and  H2SO4  there 
remained  an  undissolved  residue  amounting  to  1-36  per  cent  of  the  sample  used  (about 
0'5  gm.).  Phis  was  shown  by  X-ray  photograph  (X  6315)  to  be  ilmenite.  An  amount  of 

ANALYSIS  OF  KENYTE  ‘INCLUSION’  FROM  THE  RAAIP,  CAPE  EVANS 
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A.  Pale  kenyte  ‘inclusion’  from  The  Ramp,  Cape  Evans,  Ross  Island.  K.  Chaperlin  anal.  [D12E]. 

B.  Kenyte  from  Deviation  Hill,  Cape  Evans,  Ross  Island.  D.  1.  Bothwell  anal.  [D70E]. 


FeO  0-65  per  cent,  corresponding  to  1*36  per  cent  ilmenite,  was  added  to  the  FeO  deter¬ 
mined  in  the  solution,  0'20  per  cent,  to  give  the  figure  0-85  listed  in  the  analysis.  It  will 
be  noted  that  the  Ti02  1*01  per  cent  is  more  than  is  required  for  1-36  per  cent  of  ilmenite. 

It  is  perhaps  worthy  of  note  that  in  Dl2E  P2O5,  Zr02,  BaO  are  all  twice  as  high  as 
in  the  normal  kenyte  [D70E],  but  it  is  clear  that  nothing  short  of  a  microanalysis  of 
separated  crystals  of  the  yellow  pyroxene  will  suffice  to  reveal  its  composition.  In  the 
meantime  one  may  hazard  the  opinion  that  the  yellow  pyroxene  in  Dl2E  is  the  same  as 
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the  mineral  described  in  the  yellow  variation  of  the  trachytoid  phonolites  from  Observa¬ 
tion  Hill  and  Inaccessible  Island  (p.  33)  and  that  the  suggestion  made  when  discussing 
those  rocks  is  correct,  namely  that  the  yellow  pyroxene  is  the  greyish-green  pyroxene 
altered. 

In  these  peculiar  kenytes  the  alteration  may  be  due  either  to  reheating  of  included 
blocks  or  to  the  effect  of  vapours  emanating  from  the  lavas  while  these  were  still  hot. 
The  change  of  colour  may  be  due  to  a  change  in  the  state  of  oxidation  of  the  iron.  It  will 
be  noted  that  no  H2O  is  found  in  Dl2E. 

The  third  specimen  [Dl2Ec]  is  the  one  shovdng  the  light  greyish  pink  colour  to  which 
Debenham’s  catalogue  refers.  This  contains  occasional  crystals  of  the  same  yellow 
pyroxene  and  more  numerous  micro-insets  of  iron  ‘  ore  ’  and  small  apatites  as  well  as  the 
lenticular  feldspar  insets  but  the  whole  of  the  light  grey  groundmass  is  a  turbid,  devitrified 
glass  showing  perlitic  cracks  (PI.  5,  Fig.  6).  There  are  some  oval  patches  of  brown  glass 
and  the  opaque  ‘ore’  is  usually  surrounded  by  a  clear,  isotropic  rim.  On  the  edges  of 
drusy  cavities  are  colourless,  birefringent  microliths  with  c:y  =20°,  but  in  the  turbid 
devitrified  glass  the  abundant  colourless  microliths  have  negative  elongation.  We  have 
no  certain  clue  to  the  origin  of  this  specimen  but  it  seems  to  have  once  had  a  glassy 
groundmass.  The  feldspar  insets  seem  to  be  free  from  the  characteristic  twinning. 

A  possible  clue  to  the  origin  of  these  peculiar  types  is  a  specimen  collected  by 
Demetri  at  Land’s  End,  Cape  Evans  [D59Ec].  This  shows  a  pale  grey,  somewhat 
vesicular,  porphyritic  kenyte  that  appears  to  be  an  inclusion  in  a  black  porphyritic 
kenyte,  pieces  of  which  are  adhering  to  it.  The  texture  of  the  groundmass  resembles 
that  of  D12E  a  and  h,  the  feldspars  being  in  small  spherulitic  groups,  but  there  are  in  the 
groundmass  many  patches  of  colourless  glass,  much  opaque  ‘ore’,  some  of  which  is  cer¬ 
tainly  magnetite  and  some,  red  by  reflected  light,  may  be  altered  pyroxene.  There  is 
abundant  apatite,  partly  associated  with  the  opaque  ‘ore’,  but  also  it  appears  as  crystals 
at  the  edges  of  the  numerous  druses  along  with  small  octahedral  crystals  of  magnetite, 
and  some  glass.  The  feldspar  insets  have  many  inclusions  and  their  borders  seem  to 
merge  with  the  groundmass  feldspar.  They  show  Carlsbad  twins  and  the  characteristic 
cross-hatching  of  anorthoclase. 

In  some  respects  this  specimen  is  similar  to  sanidinites  found  as  inclusions  in  kenytes 
at  Cape  Royds  [1971,  1972]  described  and  figured  by  J.  Allan  Thomson*  but  the  biotite 
he  recorded  does  not  appear. 

Whether  the  ‘  acmite ’-bearing  specimens  [D12E]  were  inclusions  cannot  now  be 
determined,  but  it  seems  possible  that  they  were,  especially  as  a  similar,  pale  kenyte 
block,  11  cm.  long,  was  found  in  normal  grey  kenyte  near  the  summit  of  Tent  Island  by 
C.  S.  Wright  (PI.  2,  Fig.  1). 

A  definite  inclusion  in  a  weathered  mass  of  kenyte,  known  to  members  of  the  Expedi¬ 
tion  as  ‘  Antarcticosaurus  ’  [D62E],  shows  in  the  hand-specimen  abundant  patches  of 


*  Brit.  Aiit.  Exp.  1907-9,  1916,  Geology,  vol.  2,  1916,  p.  137  and  pi.  2,  fig.  1. 
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blue  baiiyne.  The  inclusion  contains  the  typical  anorthoclase  insets  showing  cross- 
hatching  and  fine-scale  twinning.  The  groundmass  is  holocrystalline  and  coarse-grained, 
the  feldspars  being  in  stout,  untwinned  crystals.  The  dark  minerals,  in  addition  to  iron 
‘ore’,  are  small  grains  of  olivine  and  some  relics  of  the  yellow  pyroxene  seen  in  Dl2E  in 
the  process  of  being  resorbed,  leaving  patches  of  minute  grains  of  iron  ‘  ore  ’.  The  hafiyne 
is  abundant  in  the  groundmass  and  there  are  also  numerous  isotropic  inclusions  in  the 
anorthoclase  insets.  Small  amounts  of  a  rather  highly  birefringent  mineral  with  high 
refractive  index  are  present.  It  is  biaxial,  positive.  It  has  not  been  identified. 

Another  haiiyne-bearing  inclusion  was  collected  in  ‘typical  kenyte  of  the  northern 
half’  of  Tent  Island  (see  p.  14)  [Dl7E].  The  texture  is  similar  to  the  specimen  described 
above  except  that  the  hafiyne  tends  rather  to  form  idiomorphic  crystals.  The  feldspar 
insets  in  this  specimen  are  plagioclase  and  the  host  rock  may  be  a  ‘basic  kenyte’. 

Another  haiiyne-bearing  rock  was  found,  apparently  in  situ,  on  Inaccessible  Island 
[Dl4l]  but  it  also  is  possibly  an  inclusion  for  its  texture  is  rather  coarse-grained,  hypidio- 
morphic-granular,  and  resembles  that  of  some  sanidinites.  Here  again  there  are  insets 
of  plagioclase,  probably  andesine  near  An^s .  The  groundmass  feldspar  is  iu  stout  crystals 
with  a  tendency  to  rectangular  outlines.  These  show  Carlsbad  twinning  and  one  crystal 
showed  fine  cross-hatching.  They  are  an  alkali-feldspar,  perhaps  anorthoclase.  Ho 
olivine  was  observed  in  the  four  sections  examined.  The  hafiyne  occurs  as  small  allotrio- 
morphic  patches,  not  in  the  well-formed  six-sided  sections  seen  in  Dl7E,  but  it  is  deeper 
in  colour  so  that  the  blue  colour  is  seen  even  in  thin  section.  Scattered  through  the 
feldspar  are  innumerable,  small,  colourless  inclusions  of  sodalite  (or  analcime),  and  some 
of  these  are  in  places  associated  with  the  blue  hafiyne.  Other  minerals  present  are; 
magnetite,  forming  small  cubic  crystals;  a  greenish  pyroxene,  non-pleochroic,  and  with 
c:y  =  54° ;  a  few  flakes  and  small  blades  of  a  pale  biotite ;  and  many  opaque  blades  that 
may  be  cossyrite.  Some  parts  of  the  groundmass  are  confused  by  the  numerous  small 
dark  fragments  it  includes,  and  the  determination  of  the  minerals  is  difficult. 

These  haiiyne-bearing  inclusions  do  not  appear  to  have  been  described  preffiously, 
but  Jensen  recorded  nosean  in  a  ‘leucite  tephrite’  (see  p.  77),  which,  according  to  him, 
contains  ‘inclusions  of  black  magnetite  and  of  honey-yellow  to  deep  brown  wohlerite’ 
(op.  cit.  p.  112).  It  is  possible  that  the  ‘wohlerite’  is  the  yellow  acmitic  pyroxene 
described  above.* 

Typical  of  the  kenytes  with  holocrystalline  groundmass  is  D26E  from  the  base  of  the 
outcrop  at  The  Slipper,  a  conspicuous  rock  to  the  east  of  Cape  Evans.  This  closely 
resembles  two  of  the  kenytes  described  by  Jensen  from  The  Skiiary,  i.e.  Cape  Evans 
[J47  and  J40]. 

The  hand-specimen  is  dark  olive-gney,  only  slightly  vesicular,  holocrystalline  ’with 

*  See  also  Woolnough  (W.  G.),  Petrological  notes  on  some  of  the  erratics  collected  at  Cape  Royds. 
Brit.  Ant.  Exp.  1907-9,  Geology,  vol.  2, 1916,  p.  171  for  another  record  of  wohlerite,  but  this  is  quite  different 
from  the  acmitic  pyroxene.  It  has  an  extinction,  angle  of  32°.  The  rock  also,  a  sodalite-syenite,  is  quite 
different.  A  section  of  this  rock  [E36]  was  lent  to  the  author  by  Sir  Raymond  Priestley. 
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abundant  lenticular  insets  of  feldspar  averaging  about  1*2  cm.  in  length  and  occasionally 
reaching  2  cm. 

The  feldspar  insets,  anorthoclase,  all  show  very  fine  cross-hatching.  Many  of  them 
include  little  fragments  of  groundmass  minerals  and,  frequently,  small  crystals  of  ilmenite 
or  magnetite.  Some  of  the  feldspars  are  simple  twins  and  all  show  the  lenticular  cross- 
sections  and  habit  characteristic  of  the  rhomb-porphyries. 

Other  insets,  all  on  a  smaller  scale,  are  olivine,  pyroxene,  and  small  crystals  of  opaque 
‘ore’.  The  pyroxene  is  quite  rare;  only  3  small  insets  (0-25  mm.)  were  seen  in  one  thin 
section,  as  compared  with  14  olivines  of  quite  twice  the  size.  The  feldspars  occupy  a 
very  large  part  of  the  thin  section.  Jensen  estimated  that  they  constituted  about  35  per 
cent  of  the  rock  in  J47. 

The  groundmass  of  this  rock  is  slightly  finer  grained  than  the  specimen  J47  described 
and  figured  by  Jensen.  The  feldspar  laths,  orthoclase  (or  anorthoclase),  average  0T5  mm. 
in  length,  and  the  majority  are  less  than  0-25.  Frequently  they  are  in  divergent  radial 
groups.  There  are  abundant  pyroxene  microliths,  pale  green  to  colourless;  abundant 
flakes  of  a  brownish  green  amphibole;  small  cubes  of  opaque  ‘ore’,  and  interstitial 
nepheline  with  apatite  needles  and  some  minute  sodalites.  The  feldspar  laths  show 
simple  Carlsbad  twins  and  give  straight  extinction.  The  very  small  flakes  of  coloured 
minerals  believed  to  be  alkali-amphiboles  are  unidentifiable  in  these  fine-grained  rocks. 
In  the  specimen  now  described  there  is  a  pleochroic  brown  amphibole,  tawny-olive  to 
cinnamon-bufi,  often  with  green  edges;  a  deep  brown  amphibole;  and  very  thin,  green 
flakes  that  may  be  aegirine.  There  are  some  interstitial  patches  which  are  isotropic  but 
have  a  higher  refractive  index  than  feldspar :  they  were  referred  to  in  the  general  descrip¬ 
tion  as  glass. 

A  very  similar  rock  to  the  above  with  a  slightly  higher  proportion  of  opaque  ‘  ore  ’ 
in  the  groundmass  is  the  black  kenyte  collected  in  situ  from  a  lava-flow  under  the  Barne 
Glacier  [DsE]. 

This  type  of  groundmass  is  found  in  many  kenytes  but  the  grain-size  varies  from  the 
relatively  coarse-grained  example  described  to  quite  fine  grain  with  the  feldspar  laths 
averaging  about  0T5  mm. 

It  seems  probable  from  the  description  of  the  specimen  of  which  an  analysis  was  made 
for  Jensen  that  it  is  rather  similar  to  the  rock  described  above  except  that  Jensen  men¬ 
tions  ‘some  secondary  epidote  replacing  the  original  aegirine-augite  to  some  extent’. 
The  analysis  of  the  specimen  J  5  is  quoted  in  column  15,  Table  Ilia. 

D70E  from  Deviation  Hill,  E.  end  of  The  Trench,  Cape  Evans,  the  analysed  specimen 
from  Debenham’s  collection  (column  13,  Table  Ilia),  is  very  similar  to  D26E  described 
above.  Micro-insets  are  pyroxene,  olivine,  and  an  opaque  ‘ore’,  and  there  are 
abundant  large  insets  of  anorthoclase.  In  the  gToundmass  abundant  laths  of  simply 
twinned  feldspar  may  be  orthoclase.  Colourless  interstitial  areas  are  partly  isotropic  and 
staining  tests  show  that  part  of  the  interstitial  material  is  nepheline.  The  dark  minerals 
comprise  small  crystal-grains  and  flakes  of  pyroxene,  a  brown  amphibole,  and  opaque 
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‘ore’.  The  opaque  ‘ore’  seems  not  to  be  affected  by  the  acid  used  to  gelatinize  the 
nepheline. 

Prior  has  described  and  figured*  a  slightly  different  type  of  kenyte  from  Cape  Royds 
which  contains  ‘  in  the  ground-mass  fairly  numerous,  small,  rounded,  isotropic  crystals  of 
leucite  having  characteristic  central  and  marginal  inclusions  of  the  magnetite  and  augite 
of  the  base  ’  (PI.  5,  Figs.  1  and  2).  Similar  rocks  were  described  by  Jensen,  also  from  Cape 
Royds  [J63],  and  two  of  Debenham’s  specimens  from  Cape  Royds  [D6R  and  DloR], 
and  one  from  Cape  Evans  [DlE]  are  of  the  same  type.  These  additional  specimens  do 
not  show  the  supposed  leucites  in  such  abundance  as  Prior’s  original  specimens  [818,  820]. 

The  texture  of  the  groundmass  has  been  described  by  Jensen  as  hyalopilitic  but  some 
of  the  rocks  of  this  type  have  interstitial  material  that  is  not  glassy  but  weakly  bire- 
fringent  and  appears  to  consist  of  nepheline  with  included  sodalite.  The  feldspar  laths 
are  slender  and  are  usually  simple  twins  on  Carlsbad  or  albite  laws;  nearly  all  give 
straight  extinction  but  an  angle  of  5°  was  observed.  In  addition  to  the  laths  there  are 
also  abundant  rectangular  sections  which  should  perhaps  be  regarded  as  micro-insets. 
They  range  up  to  0-1  mm.  in  length.  Definite  micro-insets  of  anorthoclase  measured 
were  0’15  mm.  across.  These  small  plates  have  bands  of  dark  inclusions  parallel  to  their 
edges.  Rarely  they  show  fine  twin  lamellae.  Both  the  rectangular  plates  and  the  laths 
of  feldspar  have  refractive  indices  just  gveater  than  Canada  balsam  so  it  is  probable  that 
both  plates  and  laths  are  anorthoclase  or  potash-oligoclase  (in  Mountain’s  sense).  Be¬ 
tween  the  feldspar  laths  is  either  a  pale  brown  glass  with  crystallites  of  p}Toxene  and 
magnetite,  as  in  Prior’s  analysed  specimen  [818],  or  lighter  coloured,  nearly  colourless, 
weakly  birefringent  material  consisting  probably  of  nepheline  with  included  sodalite 
[820].  In  the  better  crystallized  specimens  there  lie,  in  this  interstitial  material,  small, 
colourless  prisms  of  pyroxene,  magnetite,  and  fiakes  of  a  brown  amphibole,  and  some 
aegirine  [Dl5R,  Dl6R].  In  a  specimen,  [Dl60]  from  the  moraine  of  Crater  Glacier  on 
Mount  Erebus,  the  interstitial  material  is  brown  but  not  truly  isotropic.  It  seems  to  be  an 
alteration  product  of  the  original  minerals. 

The  ‘  leucites  ’  described  by  Prior  (see  above)  are  much  less  abundant  in  some  speci¬ 
mens  than  in  others ;  indeed  in  some  of  the  rocks  with  the  same  texture  and  the  same  kind 
of  feldspars  and  groundmass  as  Prior’s  type-specimens  none  of  the  ‘  leucites  ’  were  found. 
This  was  the  case  with  two  of  the  rocks  from  Cape  Royds  in  Debenham’s  collection 
[D9  and  DlOR]  and  in  a  small  kenyte  boulder  collected  by  Demetri  on  Tent  Island 
[DeiEu]. 

The  ‘  leucites  ’  appear  in  thin  sections  as  approximately  circular  areas,  isotropic  and 
lower  in  refractive  index  than  the  laths  of  feldspar  that  lie  packed  around  them.  Most  of 
these  areas  have  a  cluster  of  included  crystallites  of  magnetite  and  pyroxene  at  the  centre 
but  closely  packed  together  and  not  often  showing  the  arrangement  typical  of  leucite  (see 
also  p.  58). 


*  Op.  cit.,  1907,  p.  Ill  and  pi.  8,  fig.  3. 
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Such  supposed  leucites  occur  in  the  kenyte  with  partly  glassy  groundmass  [DlOO 
and  Dl60]  from  the  moraine  at  the  top  of  Crater  Glacier  on  Mount  Erebus,  but  much 
more  perfect  icositetrahedra,  even  showing  what  appear  to  be  lines  of  inclusions  or  striae 
on  the  faces,  are  seen  in  the  brown  glass  of  D3R  from  the  Cape  Royds  district  (PI.  5,  Figs. 
3  and  4). 

Jensen  also  recorded  abundant  leucites  in  some  of  the  kenytes  from  Mount  Erebus 
and  Cape  Royds  but  Lacroix  has  expressed  doubts  about  Prior’s  identifications.  Prior 
himself  had  his  doubts  as  neither  the  chemical  analysis  of  the  rock,  nor  the  partial 
analysis  of  the  portion  soluble  in  nitric  acid,  indicated  the  probability  of  leucite  being 
one  of  the  constituents.  It  seems  likely  that  the  supposed  leucites  are  either  analcime  or 
sodalite,  most  probably  the  latter. 

The  hyalopilitic  texture  is  well  shown  in  D260  (PI.  4,  Fig.  4)  from  the  base  of  the 
cliff  on  the  west  side  of  Deep  Lake,  Cape  Barne.  The  glass  is  rather  more  preponderant 
than  in  Prior’s  specimen.  The  microliths  of  feldspar  are  up  to  0-35  mm.  long.  The 
insets  are  anorthoclase  and  augite  and  micro-insets  augite,  olivine,  and  magnetite. 
Apatite  is  an  accessory  mineral  and  occurs  as  stout  prisms. 

Varieties  of  kenytes,  (b)  with  glassy  groundmass 

The  freshest-looking  of  the  glassy  kenyte  lavas  have  a  black  glass  which  is  lustrous, 
almost  iridescent  on  the  surface  in  some  specimens,  though  dull  in  others.  The  almond- 
shaped  anorthoclase  insets  are  abundant  and  reach  up  to  2-5  cm.  in  width.  The  glass  is 
slightly  vesicular.  In  thin  section  it  is  pale  buff,  grading  to  sepia  at  the  edges  of  the 
insets  and  crystallites.  It  contains  feldspar  as  microliths  (0-025  mm.)  and  minute 
tabular  crystals,  grains  of  augite  and  magnetite,  and  many  hair-like  crystallites.  Besides 
the  anorthoclase  insets  there  are  micro-insets  of  olivine  and  magnetite  and  very  small 
apatites.  The  specimen  described  is  D27E  from  the  upper  edge  of  the  outcrop  of 
lava  at  The  Slipper,  Cape  Evans. 

A  very  similar  glass  with  more  abundant  crystallites  and  with  very  slender  feldspar 
microliths  nearly  hidden  by  clouds  of  magnetite  particles  is  D220  from  Hooper’s  Shoulder 
on  Mount  Erebus  (PI.  4,  Fig.  5).  This  has  pale  grey-green  pyroxene  micro-insets  as  well 
as  olivine  and  magnetite.  In  the  hand-specimen  the  glass  is  coal-black  and  vesicular. 
In  thin  section  it  is  vinaceous  buff  to  avellaneous.  Its  refractive  index  is  near  to,  and 
slightly  greater  than,  1-524.  This  glassy  kenyte  is  very  similar  to  one  from  Cape  Evans 
(The  Skuary)  described  and  figured  by  Jensen  [J25]  (op.  cit.  p.  106,  pi.  2,  figs.  3  and  4). 
The  specimen  of  J25  in  the  British  Museum  collection  shows  red  patches  in  the  glass,  like 
the  streaks  and  patches  in  the  brown  glass  described  below.  In  thin  section  the  glass  is 
vinaceous  buff  in  colour.  The  section  is  figured  in  PI.  5,  Fig.  5.  Jensen  has  published  a 
chemical  analysis.  This  is  here  republished  in  column  14,  Table  Ilia. 

A  rather  extreme  type  with  fewer  anorthoclase  phenocrysts  and  many  small  pheno- 
crysts  of  augite  and  olivine  has  the  glass,  pale  olive-buff  in  colour,  almost  obscured 
by  masses  of  long  crystallites  which  generally  radiate  out  from  the  points  and  edges 
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of  the  feldspar  microliths.  The  specimen  [D6IE6]  was  collected  on  Tent  Island  by 
Demetri. 

D3K  is  similar.  The  glass  is  slightly  darker,  fawn  colour,  the  microliths  stouter,  and 
the  augite  and  magnetite  rather  better  developed.  Crystallites  are  less  abundant  and 
in  the  clear  glass  the  little  icositetrahedra  noticed  in  some  of  the  brown  and  yeUow  glasses 
are  frequent.  Some  of  the  stout  rectangular  microliths  might  be  nephehne.  After 
etching  the  rock  with  HCl  the  solution  yielded  a  small  crop  of  NaCl  cubes.  This  specimen 
is  from  the  valley  above  Blacksand  Beach,  6ape  Boyds. 

A  few  glassy  ken5d;es  show  in  hand-specimen  a  black  glassy  base  streaked  with  thin 
lines  of  brick-red  colour  along  flow  lines  and  fissures.  One  effect  of  this  is  that  most  of 
the  broken  surfaces  of  such  specimens  are  red.  Examples  are  DllE,  upper  slope  of 
Barne  Glacier  moraine,  and  DsT,  from  the  summit  of  Turk’s  Head. 

Under  the  microscope  the  glass  in  DllE  is  seen  to  be  very  dark  brown,  opaque  in 
all  but  the  thinnest  sections,  and  veined  by  very  thin  bands  of  yellow  glass  along  fissures 
and  flow  planes.  The  same  pale  yellowish  brown  glass  is  seen  making  many  inclusions  in 
anorthoclase  insets.  This  rock  [DllE],  is  a  porphyritic  glassy  kenyte  with  small  insets, 
and  many  broken  crystals,  of  anorthoclase,  and  micro-insets  of  olivine,  a  pale  green 
pyroxene,  and  apatite.  A  similar  glassy  porphyritic  kenyte  from  the  summit  of  Turk’s 
Head  [DsT]  shows  the  typical  almond-shaped  phenocrysts  of  anorthoclase,  and  many 
small,  pale  yellow  olivines.  The  glass  which  is  dark  brown  and  translucent  contains 
microliths  of  feldspar  and  a  few  minute  olivines  and  augites  and  is  traversed  by  fissures 
along  which,  to  a  width  of  0-09  mm.,  the  glass  is  decolorized  so  that  it  is  almost  colourless, 
grading  to  pale  yellow  and  to  chestnut-brown  as  it  merges  into  the  brown  unaltered 
glass  at  the  edges.  This  rock  contains  some  well-defined  crystals  with  inclusions  similar 
to  the  supposed  leucites  described  by  Prior. 

In  this  connexion  it  is  of  interest  to  note  that  in  a  rock  [DlOO]  from  the  moraine  at 
the  top  of  Crater  Glacier  on  Mount  Erebus  the  glass,  which  here  forms  a  matrix  for  close- 
packed  anorthoclase  insets,  is  almost  colourless  in  thin  section  and  is  crowded  with  micro¬ 
liths  of  feldspar,  grains  of  pyroxene,  and  magnetite.  Very  noticeable  under  a  high  power 
objective  are  numerous  icositetrahedra,  isotropic,  with  refractive  index  less  than  the  glass, 
and  with  diameters  ranging  from  0-008-0-03  mm.,  sometimes  vuth  clusters  of  inclusions 
like  the  leucites  (see  p.  56). 

Prior  described  several  glassy  kenytes  in  which  the  glass  is  densely  packed  with 
magnetite  grains  and  rods  and  is  thereby  rendered  quite  opaque.  In  one  of  his  specimens 
[464]  from  Tent  Island  the  glass  is  dark  brown  and  translucent  on  thin  edges  but  generally 
opaque  with  magnetite.  In  this  rock  there  are  streaks  of  lighter  translucent  bands  of 
pale  brown  glass  crowded  with  microliths  of  feldspar  and  magnetite  dust.  In  a  kenyte 
[447]  from  Turtle  Back  the  opaque,  glassy  base  is  made  up  of  rough  spheriilites,  dense 
with  magnetite.  Between  the  spheriilites  small  interstices  are  filled  with  dark  brown 
glass  and  feldspar  microliths. 

In  another  type  [541],  from  the  slopes  of  Mount  Erebus,  the  glass  in  the  base  ‘is 
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almost  colourless  but  is  rendered  nearly  opaque  with  fine  dusty  magnetite’.  The  same 
type  is  represented  in  Debenham’s  collection  by  D69E,  an  erratic  from  High  Cliff  in  the 
Cape  Evans  region.  The  insets  in  these  rocks  are  the  usual  anorthoclase  with  micro¬ 
insets  of  olivine,  pyroxene,  and  apatite.  Prior  noticed  (op.  cit.,  p.  Ill)  that  although  in 
the  base  the  glass  was  dense  with  magnetite,  the  glass  included  in  the  anorthoclase 
phenocrysts  was  clear  brown,  no  magnetite  having  crystallized  out. 

Lastly  must  be  described  here  the  remarkable  dark  brown  kenyte-pumice  from  the 
recent  cinder  cone  of  Mount  Erebus  of  which  mention  was  made  in  the  opening  pages  of 
this  report  (p.  3).  At  a  first  glance  the  masses  of  this  pumice  seem  to  be  all  glass  with 
no  crystals  at  all  but  closer  inspection  reveals  crystals  of  anorthoclase  thickly  coated  with 
the  frothy  glass  and  quite  hidden  by  it  (PI.  2,  Fig.  2).  These  crystals  are  not  very  abun¬ 
dant.  All  those  seen  belong  to  type  2  of  the  crystal  habits  described  by  E.  D.  Mountain,* 
i.e.  they  are  prismatic  crystals  with  rhombic  cross-sections,  of  which  the  forms  are 
M(lIO),  m(llO),  and  y(201),  either  simple  crystals  or  Carlsbad  twins  with  (100)  as  the 
composition  plane. 

The  glass  in  thin  fiakes  is  clear  and  varies  in  colour  from  tawny-olive  to  sepia.  Its 
refractive  index  like  that  of  the  glass  of  the  black  glassy  kenytes  is  near  and  slightly 
greater  than  1  -524. 

A  sample  of  this  glass  freed  by  hand-picking  from  visible  fragments  of  feldspar  was 
analysed  by  Mr.  J.  D.  Easton  in  the  Department  of  Mineralogy,  British  Museum  (Natural 
History),  in  1949.  His  results  are  given  in  column  17,  Table  Ilia. 

A  similar  pumice  holding  anorthoclase  crystals  was  found  and  described  by  Sir 
Edgeworth  David |  at  the  ‘recent’  cinder  cone  of  Erebus  in  1908  and  described  by  him 
in  the  report  on  the  British  Antartic  Expedition  1907-9,  and  a  sample  of  this  material  was 
analysed  by  Mr.  Burrows  and  A.  B.  Walkom  with  the  result  given  in  column  18,  Table 
Illa.t 

The  loose  crystals  of  anorthoclase  which  strew  the  slopes  of  Mount  Erebus  are 
doubtless  derived  from  the  same  source  as  this  brown  pumice.  Some  of  them  have 
fragments  of  vesicular  glass  still  clinging  to  their  faces  and  some  are  completely  coated  by 
frothy  glass.  In  thin  section  this  glass  is  pale  primrose-yellow  and  quite  isotropic.  It  is 
free  of  microliths  but  contains  a  few  small  crystals  of  olivine,  anorthoclase,  and  occasional 
small  aggregates  of  magnetite  and  apatite. 

Chemical  Composition  of  the  Kenytes 

The  analysis  of  the  holocrystalline  grey  kenyte  [D70E]  from  Deviation  Hill,  Cape 
Evans,  and  that  of  the  brown  pumiceous  glass  from  the  slopes  of  Mount  Erebus,  referred 

*  Mountain  (E.  D.),  Min.  Mag.,  1925,  vol.  20,  pp.  331-4,  and  figs.  3  and  4. 

t  David  (T.  W.  E.)  and  Priestley  (R.  E.),  Brit.  Ant.  Exp.,  1907-9,  Geology,  vol.  1, 1914,  p.  213  and  pi.  64. 

f  Jensen  (H.  L),  Brit.  Ant.  Exp.  1907-9,  Geology,  vol.  2,  1916,  p.  98. 

According  to  the  footnote  on  this  page  by  the  editor.  Sir  Douglas  Mawson,  ‘  The  pumice  analysed  is  the 
groundmass  of  a  very  beautiful  kenyte  which  forms  the  latest  extravasation  of  the  present  active  crater  of 
Mount  Erebus’. 
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to  above,  are  arranged  in  Table  Ilia.  Together  with  these  are :  Prior’s  original  analysis 
of  the  leucite-kenyte  [818],  and  three  others  of  kenytes  from  the  report  of  the  British 
Antarctic  Expedition  1907-9.  For  comparison  also  three  analyses  of  kenyte  and 
kenjd^e-glass  from  Mount  Kenya  have  been  added  (columns  19-21).  The  corresponding 
C.I.P.W.  norms  are  given  in  Table  III6.  In  order  to  facilitate  comparisons  with  some 
analyses  discussed  by  C.  Oftedahl  in  connexion  with  his  work  on  the  rhomb-porphyries  of 
the  Oslo  region  and  their  insets  and  groundmass  feldspars  the  cation  (atom)  per  centage 
composition  and  the  ‘equivalent  (or  molecular)  norms’  have  also  been  calculated.  For 
completeness  the  ‘Niggli  values’,  standard  norms,  ‘basis’,  and  Q,  L,  M,  tt  and  y  values 
have  also  been  given.*  These  are  listed  in  Tables  III6  to/. 

Leaving  out  of  consideration  for  the  moment  the  analysis  of  the  glass,  it  will  be  noted 
that  for  a  group  of  analyses  of  rocks  of  the  same  kind  and  ranging  in  silica  content  only  a 
little  over  one  per  cent,  54-9-56-1,  there  are  very  marked  variations  in  the  percentage  of 
Fe203  and  FeO.  The  ALOa  shows  a  range  of  variation  over  1-2  per  cent  rising  with  the 
SiOa  and  the  only  other  notable  variation  is  K2O  which  falls  with  rising  Si02  from  4-73 
to  3-91. 

Eecalculation  of  Fe203  as  FeO  leads  to  figures  for  total  FeO  which  vary  only  between 
5*23  and  6*1,  rising  with  falling  Si02. 

It  is  worth  while  to  note  in  passing  that  this  great  difference  in  the  distribution  of 
iron,  as  between  FeaOa  and  FeO,  in  rocks  otherwise  closely  similar  in  composition  has  an 
indirect  effect  on  the  relative  proportion  of  albite  and  nephehne  in  the  norm.  FeaOa 
requires  all  the  available  FeO  for  magnetite  under  the  rules  for  calculating  normative 
minerals.  This  means  that  no  FeSi03  appears  in  the  norm  and  the  Si02  that  would 
have  been  allotted  to  FeO  is  available  for  albite  at  the  expense  of  nephehne.  The  result 
is  that,  other  things  being  equal,  the  norm  of  a  rock  with  high  Fe203  has  relatively  less 
nephehne  and  more  albite  than  the  norm  for  a  corresponding  rock  Avith  lower  Fe203. 

A  somewhat  similar  example  of  kenytes  showing  wide  variation  of  Fe203  and  FeO  in 
two  rocks  of  nearly  the  same  silica  percentage  is  seen  in  two  rocks  from  Mount  Kenya 
analysed  by  G.  T.  Prior. f  In  that  case,  however,  the  lower  Fe203  is  accompanied  by 
much  higher  Na20  and  some  of  this  appears  in  the  norm  as  acmite,  which  utilizes  an 
equal  proportion  of  Fe203  and  requires  twice  its  molecular  proportion  of  silica  so  that 
there  is  not  the  same  effect  on  the  relative  proportions  of  nephehne  and  albite  as  would  be 
caused  by  high  Fe203  unaccompanied  by  high  Na20.  The  above  considerations  are,  of 
course,  equally  applicable  to  the  equivalent  or  molecular  norms  calculated  from  cation 
percentages  but  not  for  ‘Niggli  values’. 

Turning  now  to  the  analyses  of  the  brown  glass  of  the  kenytes  the  analysis  by 
Burrows  and  Walkom,  colunm  18,  is  remarkably  close  to  Prior’s  analysis  of  ‘leucite- 


*  See  Burri  (Conrad)  and  Niggli  (Paul),  Die  jungen  Eruptivgesteine  des  mediterranen  Orogens.  Erster 
Haupteil:  .  .  .  Berechnungsmethoden.  Zurich,  1945,  pp.  67  et  seq. 
t  Mineralogical  Magazine,  1903,  vol.  13,  p.  247. 
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kenyte’,  column  16,  and  not  far  different  from  the  new  analysis  of  D70E,  column  13. 
The  important  differences  would  appear  to  be  (1)  the  reversal  of  distribution  of  iron  as 
between  FeO  and  Fe203  if  the  glass  and  D70E  are  compared  and  (2)  the  high  AI2O3 
22*53  and  only  a  trace  of  MgO  in  the  Burrows  and  Walkom  analysis  comparing  with 
20*79  per  cent  AI2O3  and  1*26  per  cent  MgO  in  Prior’s  kenyte  analysis  [818],  the  next 
highest  in  AI2O3.  This  may  indicate  failure  to  separate  MgO  from  the  alumina  precipi¬ 
tate  in  the  analysis  of  the  glass.  One  effect  of  this  in  the  norm  is  the  appearance  of  un¬ 
combined  AI2O3  (C)  and  rather  low  albite  and  nepheline. 

The  new  analysis  of  the  brown  glass  made  on  the  material  collected  by  Debenham  on 
the  Terra  Nova  Expedition  (column  17)  shows  a  lower  Si02  percentage  than  the  glass 
analysed  for  Edgeworth  David  and  Priestley,  and  this  silica  percentage  is  slightly  below 
any  of  the  analysed  kenytes.  The  other  particularly  noticeable  differences  are  its 
higher  Na20  and  K2O  (8.57  and  4*85)  and  higher  Fe203  with  FeO  keeping  about  the  same. 
In  preparing  the  sample  for  analysis  by  Mr  Easton  care  was  taken  to  remove  all  the 
visible  fragments  of  feldspar  insets,  some  of  which  are  caught  up  in  this  puniiceous  glass, 
so  that  one  expected  the  analysis  to  represent  the  composition  of  kenyte-glass  less  the 
feldspar  for  the  insets.  It  is  almost  certain  that  these  insets  have  approximately  the 
same  composition  as  the  loose  crystals  analysed  by  E.  D.  Mountain  (see  p.  48).  If 
this  were  so  the  addition  to  the  composition  of  the  glass  of  the  proper  proportion  of 
feldspar  of  the  composition  of  the  insets  should  result  in  a  composition  close  to  that  of 
D70E  or  818. 

That  this  may  apply  to  the  feldspathic  part  of  the  rocks  is  indicated  by  a  plot  of  the 
normative  feldspars  on  a  triangular  Or-Ab-An  diagram  in  the  manner  followed  by  C. 
Oftedahl*  in  his  papers  on  the  feldspars  of  the  rhomb-porphyries  of  the  Oslo  region. 
The  equivalent  (molecular)  norms  of  the  feldspars  are  re-calculated  to  100  and  plotted  in 
figure  3.  It  appears  from  this  diagram  that  the  point  for  the  ‘ potash-oligoclase ’  of 
Mountain’s  analyses  (nos.  9  and  10),  the  normative  feldspars  in  the  kenyte  D70E  (no. 
13)  and  the  normative  feldspar  of  the  glass  from  Mount  Erebus  (no.  17)  lie  close  to  a 
straight  line.  The  same  relation  is  shown  more  simply  in  a  simple  graph  on  rectangular 
co-ordinates.  37  per  cent  of  insets  of  the  composition  of  Mountain’s  ‘  potash-oligoclase  ’ 
and  63  per  cent  of  the  normative  feldspar  of  the  glass  combine  to  give  feldspar  Or  39*5 
Ab  53  An  7*5,  very  close  to  the  calculated  molecular  normative  feldspar  of  D70E,  39:53: 8. 
The  same  proportion  of  the  glass  gives  also  good  agreement  for  normative  nepheline,  but 
the  percentage  of  femic  minerals  is  in  poor  agreement,  the  calculated  value  being  far  too 
low. 

It  is  probable  that  the  straight  line  variation  of  the  feldspar  composition  is  a  mere 
coincidence  but  it  is  interesting  to  note  that  the  same  kind  of  agreement  can  be  found 
between  the  analysed  anorthoclase  of  Mount  Kenya,  a  kenyte-glass  (phonolite-obsidian), 
and  a  kenyte  lava  from  the  summit  of  Mount  Hohnel  analysed  by  Prior. 


*  Oftedahl  (C.),  Skrift.  Norske  Vidensk.  Akad.  Oslo,  I  Mat.-Nat.  Kl.,  1948,  No.  3. 
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It  is  of  more  interest  to  note  the  very  close  similarity  between  the  glass  of  Mount 
Erebus  and  the  glass  from  Mount  Kenya.  The  only  important  diSerences  are  the  high 
Na20  and  higher  Fe203  of  the  Kenya  obsidian,  which  appear  as  acmite  in  the  norm. 

The  composition  of  these  glasses,  in  so  far  as  their  normative  alkali-feldspars  and 
nepheline  are  concerned,  lies  very  close  to  the  nepheline-leucite-feldspar  point  in  the 


o 


Fig.  4.  Kp-Ne-Q  triangular  diagram  showing  the  fields  of  crystallization  of  the  primary  phases  in  the 
ternary  system  NaAlSi04-KAlSi04-Si02  and  the  positions  in  which  analyses  of  the  Trachytoid  Phono- 
lites  and  Kenytes  fall  on  this  diagram. 

Note.  The  point  close  to  3  numbered  16  should  read  13.  It  represents  the  Kenyte,  D70E. 
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equilibrium  diagram  for  tbe  ternary  system  NaAlSi04-KAlSi04-Si02  as  worked  out  by 
Bowen  and  Schairer.*  In  fact  they  both  lie  a  little  on  the  nepheline  side  of  the  ternary 
point;  that  is,  not  quite  at  the  bottom  of  the  low  temperature  trough  as  seen  in  the 
ternary  diagram  (Fig.  4). 

When  the  weight  per  cent  norms  of  the  other  kenyte  analyses  are  plotted  on  the  same 
diagram  they  are  seen  to  follow  rather  closely  the  leucite-alkali-feldspar  boundary.  The 
points  for  the  two  kenytes  from  Kenya  analysed  by  Prior  (nos.  19  and  20)  and  for  the 
Erebus  kenyte  [D70E]  lie  off  on  the  leucite  side;  the  two  kenytes  analysed  for  Jensen 
[J5  and  J25]  and  Prior’s  leucite-kenyte  [818]  lie  rather  further  off  on  the  feldspar  side. 
The  positions  of  the  Erebus  ‘  potash-oligoclase  ’  and  of  the  Kenya  ‘  anorthoclase  ’  are  shown 
on  the  same  diagram. 

As  no  leucite  is  recognized  in  either  of  the  Mount  Kenya  kenytes  or  in  D70E 
it  seems  lil^ely  that  the  alkali-feldspar-leucite  boundary  surface  in  a  quaternary  system, 
introducing  An  or  Di  as  a  fourth  component,  may  slope  off  upwards  and  towards  the 
KAlSi04  corner.  Prior’s  ‘leucite-kenyte ’  falls  so  far  from  the  leucite-field  as  to  make  the 
suggestion  that  the  supposed  ‘  leucites  ’  are  analcime  highly  probable. 


*  Schairer  (J.  F.),  Journ.  Geol.,  1950,  vol.  58,  fig.  1,  p.  514. 
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TABLE  III.— CHEMICAL  ANALYSES,  NORMS,  ETC.,  OF  KENYTES 

13.  Kenyte.  I(II)."2.1(2).4.,  Deviation  Hill,  east  end  of  The  Trench,  Cape  Evans,  Ross  Island.  D.  I. 

Bothwell,  anal.  [D70E.]. 

14.  Vitrophyric  Kenyte,  Jensen,  1916.  (1)11. 5". (1)2.4.  Cape  Evans,  Ross  Island.  Hogarth,  anal.  [J25]. 

15.  Kenyte,  Jensen,  1916.  (I)IL(5)6.1(2).4.  Cape  Evans,  Ross  Island.  Hogarth,  anal.  [J5]. 

16.  ‘Leucite-kenyte’,  Prior,  1907.  I(II).5(6).2.4.  Cape  Royds,  Ross  Island.  G.  T.  Prior,  anal.  [818]. 

17.  Kenyte-pumice.  "H.6.1.4.  Recent  cinder  conife  of  Mount  Erebus,  Ross  Island.  J.  D.  Easton,  anal. 

18.  Pumice,  groundmass  of  kenyte,  D.  Mawson,  1916.  I". (5)6. 2.4.  Mount  Erebus,  Ross  Island.  Burrows 

and  Walkom,  anal. 

19.  Kenyte.  11.6.1.4.  From  the  central  core  of  Mount  Kenya.  G.  T.  Prior,  anal.  [G499]. 

20.  Kenyte.  (1)11. '6.1. '4.  Lava-flow  from  summit  of  Mount  Hohnel,  Mount  Kenya.  G.  T.  Prior,  anal. 

[G462]. 

21.  Phonolite-obsidian  (kenyte-glass).  11.6.1.4.  Campi  Sheitani,  above  the  Mackinder  Valley  (13,000 

feet).  Mount  Kenya.  M.  H.  Hey,  anal.  [B.M.  1948,  195].  Campbell  Smith  (W.),  BuU.  Brit.  Mus. 
(Nat.  Hist.),  Mineralogy,  vol.  1,  no.  1,  1950,  p.  5. 


TABLE  Ilia.— CHEMICAL  ANALYSES 


13 

14 

15 

16 

17 

18 

19 

20 

21 

SiOa 

54-92 

54-84 

55-62 

56-09 

54-17 

55-95 

53-98 

53-80 

54-53 

TiOa 

1-31 

1-34 

1-35 

1-23 

0-73 

0-98 

0-57 

0-31 

0-98 

AI2O3 

19-53 

18-57 

19-07 

20-79 

19-92 

22-53 

19-43 

18-46 

19-48 

Fe203 

4-19 

6-26 

6-06 

1-54 

2-13 

0-99 

4-39 

6-22 

1-18 

FeO 

1-74 

0-47 

nil 

3-84 

4-97 

4-54 

2-05 

0-40 

5-72 

MnO 

0-21 

0-21 

0-20 

0-05 

0-26 

tr. 

0-26 

0-33 

0-12 

MgO 

1-07 

1-06 

1-20 

1-26 

1-57 

tr. 

1-07 

1-05 

1-44 

CaO 

3-48 

3-00 

2-72 

3-18 

2-72 

3-21 

2-04 

2-53 

2-28 

Na20 

7-48 

6-96 

7-56 

7-33 

8-57 

7-42 

8-81 

7-09 

9-16 

K2O 

4-73 

4-51 

4-59 

3-91 

4-85 

3-97 

5-27 

5-46 

4-80 

H20-f 

0-41 

1-20 

0-12 

0-39 

0-20 

nil 

1-66 

3-54 

0-12 

H2O- 

0-04 

0-62 

0-14 

0-19 

nil 

0-09 

0-13 

0-85 

0-06 

P2O5 

0-26 

0-85 

0-47 

0-38 

0-06 

0-02 

0-30 

0-53 

0-12 

Zr02 

0-03 

0-20 

0-15 

nil 

Cl' 

0-26 

0-17 

tr. 

— 

n.d. 

n.d. 

tr. 

F' 

0-07 

0-17 

S' 

0-12 

0-004 

SO3 

— 

0-56 

0-97 

BaO 

0-035 

0-03 

SrO 

0-08 

abs. 

0-28 

nil 

CO2 

nil 

0-05 

0-03 

nil 

n.d. 

n.d. 

nil 

(Ce,Yt)203 

0-06 

NiO 

nil 

— 

abs. 

tr. 

CoO 

nil 

abs. 

100-04 

> 

100-362 

less  0 

0-14 

0-08 

Totals 

99-90 

100-70 

100-53 

100-35 

100-28* 

99-70 

99-96 

100-57 

99-99 

*  No.  17  total  includes  PbO  0-006,  CuO  0-002,  M0O3  trace. 
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TABLE  III6.— C.I.P.W.  NORMS 


13 

14 

15 

16 

17 

18 

19 

20 

21 

or 

27-8 

26-7 

27-2 

22-8 

28-5 

23-4 

31-14 

32-80 

28-36 

ab 

35-1 

44-5 

44-0 

43-0 

26-3 

40-3 

26-46 

32-49 

23-53 

an 

6-7 

7-2 

6-7 

12-5 

1-5 

15-9 

— 

1-95 

— 

ne 

14-25 

6-0 

7-4 

10-2 

25-0 

11-9 

23-71 

15-05 

26-90 

ac 

— 

- - - 

— 

- - 

— 

— 

3-70 

- - 

3-42 

di 

5-83 

0-5 

9-7 

— 

6-64 

5-40 

8-99 

wo 

0-93 

- - 

— 

— 

ol 

— 

1-8 

2-1 

5-0 

3-85 

4-6 

0-14 

— 

6-10 

mt 

2-3 

— 

■ - - 

2-1 

3-1 

1-4 

4-64 

1-62 

— 

il 

2-4 

1-5 

0-5 

2-3 

1-4 

1-8 

1-06 

0-61 

1-85 

ap 

0-5 

2-0 

1-3 

1-0 

0-1 

0-04 

0-67 

1-34 

0-27 

hm 

2-6 

6-2 

6-1 

— 

— 

■ - 

5-12 

— 

ns 

— 

- - 

— 

0-08 

C 

0-2 

0-4 

0-2 

Z 

0-04 

0-4 

0-3 

cc 

0-1 

tr. 

th 

1-0 

1-7 

tn 

1-4 

2-7 

hi 

0-4 

TABLE  IIIc.— CHEMICAL  ANALYSES  EXPRESSED  AS  CATION  PER  CENT 


13 

14 

15 

16 

17 

18 

19 

20 

21 

S1O2 

50-06 

50-86 

50-71 

50-7 

48-3 

50-7 

49 

50-5 

48-5 

TiOa 

0-87 

0-95 

0-93 

0-81 

0-48 

0-65 

0-4 

0-23 

0-65 

2AI2O3 

20-80 

20-26 

20-40 

22-08 

20-85 

23-9 

20-7 

20-34 

20-37 

4Fe203 

2-87 

4-34 

4-14 

1-06 

1-44 

0-65 

3-0 

4-38 

0-83 

FeO 

1-32 

0-39 

— 

2-88 

3-7 

3-42 

1-74 

0-60 

4-24 

MnO 

0-16 

0-17 

0-16 

0-2 

0-08 

MgO 

1-45 

1-45 

1-64 

1-74 

2-08 

- - 

1-46 

1-48 

1-92 

CaO 

3-41 

3-01 

2-62 

3-09 

2-58 

3-1 

2-01 

2-55 

2-15 

iNaoO 

13-19 

12-46 

13-31 

12-80 

14-80 

12-94 

15-50 

12-93 

15-8 

iK20 

5-49 

5-34 

5-34 

4-5 

5-57 

4-55 

5-96 

6-55 

5-55 

iP205 

0-20 

0-67 

0-35 

0-39 

0-04 

0-005 

0-22 

i 

0-45 

0-09 

ZrOg 

0-12 

0-11 

0-08 

SrO 

tr. 

0-16 

Totals 

99-84 

100-0 

99-84 

99-98 

100-14 

99-91 

99-99 

100-01 

100-15 

5 
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TABLE  IIW.— EQUIVALENT  NORMS 


13 

14 

15 

16 

17 

18 

19 

20 

21 

Q 

27-45 

26-70 

2 

Or 

27-45 

26-70 

26-70 

22-5 

28-35 

29-8 

32-75 

27-75 

Ab 

37 

45-25 

42-5 

45 

25-6 

28-9 

35-65 

24-05 

An 

5-30 

6-15 

4-37 

12 

0-95 

— 

2-1 

- - 

Ne 

17-4 

10-23 

14-4 

11-4 

29-04 

27-0 

17-4 

30-0 

Wo 

4-04 

1-32 

2-34^ 

4-64 

3-26 

2-74 

4 

En 

2-90 

1-32 

2-34^ 

0-6 

2-02 

2-92 

2-74 

1-5 

Fs 

— 

— 

-  J 

2-62 

0-44 

— 

2-5 

Fo 

— 

1-19 

0-70 

2-49 

1-60 

— 

0-16 

1-76 

Fa 

— 

— 

— 

2-20 

2-09 

- - 

— 

2-89 

11 

1-74 

0-78 

0-32 

1-62 

0-96 

0-8 

0-5 

1-0 

Mt 

1-53 

_ 

- - - 

1-59 

2-16 

3-4 

1-1 

— 

Hm 

1-85 

4-34 

4-14 

— 

— 

Ac  3-0 

Hm  3-6 

Ac  4-0 

Ap 

0-53 

1-79 

0-93 

0-82 

0-1 

0-6 

1-2  . 

0-24 

Pr 

0-3 

Zr 

0-04 

0-22 

0-16 

- - - 

— 

Ru 

0-56 

0-77 

Totals 

100-08 

99-85 

99-67 

100-2 

100-13 

100-7 

99-94 

100-09 

Or 

39-25 

34 

36 

28-5 

51-7 

51 

46-5 

53 

Ab 

53-1 

58 

58 

56-5 

46-5 

49 

50-5 

47 

An 

7-62 

8 

6 

15 

1-7 

— 

3 

— 

Q 

31-5 

35 

32-5 

34-2 

26 

27-5 

31-8 

25-3 

Ne 

48-3 

45-5 

48 

48-5 

53-5 

51-5 

45-2 

54 

Kp 

20-2 

19-5 

19-5 

17-1 

20-5 

21 

23 

20-7 

TABLE  Ille.— ‘NIGGLI  VALUES’ 


13 

14 

15 

16 

17 

18 

19 

20 

21 

si 

172 

178-5 

180 

180 

158 

165 

175 

160 

al 

36 

36 

36-3 

39 

34 

35 

35 

34 

fin 

20 

22 

21-1 

20 

24-2 

21 

22 

24 

c 

11-8 

11 

9-3 

11 

8-5 

7 

9 

7 

alk 

32 

31-5 

33-2 

30 

33-2 

37 

34 

35 

ti 

3-3 

3-2 

1-3 

0-8 

2 

k 

0-29 

0-29 

0-29 

0-26 

0-24 

0-28 

0-33 

0-27 

mg 

0-25 

0-23 

0-27 

0-31 

0-21 

0-23 

0-23 

0-26 

c/fm 

0-59 

0-47 

0-44 

0-54 

0-35 

0-32 

0-39 

0-31 

qz 

-68 

-59 

-62 

-67 

-77 

-77 

-61 

-77 
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TABLE  III/.— ‘BASIS’ 


13 

14 

15 

16 

17 

18 

19 

20 

21 

Kp 

16-55 

16 

16 

13-5 

16-5 

16-4 

18-2 

19-7 

Ne 

39-7 

37-5 

40 

38-4 

43-7 

44 

44 

39 

Cal 

3-35 

3-7 

2-6 

7-25 

0-8 

Ns  1-2 

Ns  1-2 

Cal  1-3 

Fs 

4-3 

6-5 

6-4 

1-5 

2-2 

1-3 

4-6 

6-6 

Fo 

2-2 

2-2 

1-9 

2-6 

3-15 

2-9 

2-2 

2-2 

Fa 

2-25 

0-9 

0-2 

4-3 

5-9 

6-5 

2-6 

0-9 

Cs 

3-2 

1-2 

2-1 

0-3 

3-5 

3 

2-5 

2-2 

Cp 

0-15 

[1-7] 

0-8 

0-8 

0-3 

0-5 

[1-1] 

Ru 

0-9 

0-95 

1-0 

0-8 

0-5 

0-6 

0-4 

0-2 

Q 

27-5 

29-5 

28-2 

30-4 

23-1 

23 

24 

27 

Q 

27-5 

30 

29 

30-5 

23-5 

23 

24 

27-2 

L 

59-5 

58 

59 

60 

61 

61-5 

62-5 

60-5 

M 

13 

12 

12 

9-5 

15-5 

15-5 

13-6 

12-2 
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IV.  BASALTS 

All  the  basalts  of  the  Ross  Island  Region  that  have  been  examined  have  been  found 
to  contain  small  amounts  of  feldspathoids  in  the  groundmass.  They  are  slightly  under- 
saturated  rocks  and  are  more  accurately  described  as  basanitic  basalts,  or  even  as 
basanites. 

On  the  basis  mainly  of  their  phenocrysts  (insets)  and  microphenocrysts  (micro- 
insets)  one  can  distinguish  several  kinds : 

1  Basalts  with  conspicuous  tabular  insets  of  plagioclase  and  micro-insets  of 
olivine. 

2  Basalts  with  insets  of  augite  as  well  as  tabular  insets  of  plagioclase  and  micro¬ 
insets  of  olivine  and  magnetite. 

These  two  varieties  include  most  of  the  rocks  included  by  Jensen  with  his 
‘basic  kenytes’. 

3  Aphanitic  olivine-basalts  with  small  insets  of  augite  and  olivine. 

4  Limburgites  with  abundant  olivine  nodules  and  other  xenoliths. 

5  The  ‘hornblende-basalts’  of  Prior’s  earlier  (1907)  report. 

6  Some  basalts  poor  in  olivine  and  rich  in  micro-insets  of  plagioclase  developed 
particularly  at  Cape  Barne. 


PoRPHYRiTic  Basalts  of  Mount  Erebus  and  the  Dellbridge  Islands 

The  basaltic  lavas  with  conspicuous  insets  of  feldspar — feldspar-ph}T’ic  basalts — in 
the  collections  are  almost  restricted  to  Mount  Erebus  itself.  Apart  from  the  rocks 
called  ‘  basic  kenyte  ’  by  Jensen  there  seem  to  be  two  types ;  one  vdth  insets  of  plagioclase, 
the  other  with  insets  of  augite  in  addition  to  plagioclase.  Both  have  smaller  insets  or 
micro-insets  of  olivine,  and  the  second  type  has  micro-insets  of  magnetite.  The  ground- 
mass  is  similar  in  the  two  types  and  consists  of  feldspar  with  augite,  subordinate  oli'sdne, 
magnetite,  and  interstitial  colourless  material  which  is  probably  analcime  or  nepheline 
as  the  groundmass,  etched  with  HCl,  gives  a  solution  from  which  small  cubes  of  Nad 
readily  crystallize. 

The  first  type  is  best  represented  by  DlO  and  D30  from  the  moraine  at  the  top  of 
Crater  Glacier  on  Mount  Erebus  (Col  moraine  of  Debenham’s  notes?)  (see  p.  5).  In 
hand-specimen  the  rocks  are  deep  to  dark  mouse-grey  with  very  numerous  spherical 
vesicles  and  great  numbers  of  roughly  star-shaped  gToups  of  thin  feldspar  plates  up  to 
1-5  cm.  across.  Some  varieties  are  compact  and  iron-grey  in  colour  [D20].  In  one  such 
rock  the  groundmass  is  holocrystalline  with  intergxanular  textiu’e  and  consists  of  slender 
laths  of  plagioclase,  grains  and  prisms  of  pyroxene  (light  vinaceous  fawn),  brown-stained 
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olivine,  and  cubes  of  magnetite  with  interstitial,  colourless,  weakly  birefringent  material 
carrying  hair-like  crystallites.  The  plagioclase  of  the  insets  is  labradorite  near  Augo,  and 
that  of  the  groimdmass  a  slightly  less  basic  labradorite  near  An54 .  There  are  some  micro¬ 
insets  of  plagioclase  as  well  as  the  insets  of  the  stellate  groups. 

In  the  glassy  variety  [DlO]  the  base  is  dark  brown  and  almost  opaque  with  a  few 
clear  laths  of  feldspar  and  micro-insets  of  olivine.  In  very  thin  sections  and  under  high 
power  the  base  is  seen  to  consist  of  a  colourless  material  filled  with  grey  crystallites, 
largely  arranged  in  groups  of  parallel  rods,  probably  of  pyroxene,  minute  cubes  and  blades 
of  magnetite  and/or  ilmenite,  and  small  laths  of  plagioclase  (av.  0-008  mm.  across). 

DiO,  another  lava  from  the  moraine  above  Crater  Glacier,  is  of  the  same  kind  as 
D20  except  that  the  plagioclase  insets  are  not  in  stellate  groups  but  free  and  arranged 
roughly  parallel  to  a  plane ;  also  in  the  base  olivine  is  perhaps  more  abundant.  All  the 
olivine  in  this  rock  both  in  micro-insets  and  in  the  base  is  altered  to  brown  iddingsifce. 
The  feldspar  insets  are  labradorite  near  Aiigo  (Ansg-Angs),  and  the  laths  in  the  ground- 
mass  give  maximum  symmetrical  extinctions  up  to  29°,  so  the  composition  may  be,  as 
for  D20,  a  labradorite  near  An54. 

Basalt  with  the  conspicuous  tabular  feldspar  insets  in  star-shaped  groups  is  the  com¬ 
mon  lava  of  the  moraine  below  Old  Fang  [D240]  and  several  examples  of  it  are  among  the 
boulders  at  Lower  Fang  [D20O],  as  well  as  in  the  moraine  at  the  top  of  Crater  Glacier 
[DlO,  D20,  D30,  DlOO,  DieO]. 

Outside  the  Mount  Erebus  region  the  only  other  examples  of  this  type  so  far  seen  in 
the  collections  are  from  Tent  Island  and  from  Little  Razorback  and  Inaccessible  Island  in 
the  Dellbridge  group. 

Dl8E,  the  typical  black  lava  of  the  summit  of  Tent  Island,  has  abundant  plagioclase 
insets,  tabular  parallel  to  (010)  and  averaging  0-5  cm.  in  length.*  The  groimdmass  is 
glassy,  consisting  of  a  clear  brown  glass  with  microliths  of  augite,  very  small  magnetite 
cubes,  and  laths  of  plagioclase  (mostly  3-4  mm.  long).  Olivine  appears  only  as  micro¬ 
insets  and  not  in  the  glassy  groundmass.  Other  examples  are  the  lava  [D47E]  bedded 
above  tuff  at  the  SE.  end  of  the  island,  with  numerous  plagioclase  insets  in  a  black  glass, 
and  D42E,  a  haematite-red  porphyritic  ‘basalt’  with  a  dense,  dark  brown  glassy  base 
from  the  base  of  the  cliffs  on  the  south  side.  Mr.  Game  determined  the  refractive  index 
as  1-551  corresponding  to  Ab53An4  7.  On  Inaccessible  Island,  D5l,  described  as  ‘typical 
grey  kenyte  of  the  northern  lower  cliffs  ’  is  a  good  example  of  this  type  with  good  insets  of 
plagioclase,  micro-insets  of  olivine,  and  a  holocrystalline  groundmass  with  abundant 
laths  of  plagioclase  (andesine-labradorite  near  Anso).  The  plagioclase  of  the  insets  is  a 
slightly  more  basic  labradorite  near  An52. 

Jensen  described  a  similar  porphyritic  ‘basalt’  from  Cape  Barne  [J49]  under  his 
group  of  ‘olivine  basalt’  (op.  cit.  p.  115).  The  hand-specimen  shows  white  tabular 


*  Refractive  index  determined  by  Mr  P.  M.  Game,  as  a'  on  001  or  010  =  1  -555  corresponding  to  Ab54An49, 
andesine-labradorite . 
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feldspars  up  to  2  cm.  across  in  a  dark  neutral  grey  to  black  apbanitic  base.  Under  the 
microscope  there  are  seen  also  rounded  micro-insets  of  olivine,  and  the  base  is  a  brown 
glass  with  rods  and  cubes  of  iron  ‘ore’  and  very  small  prisms  of  augite  and  laths  of 
plagioclase  with  refractive  index  greater  than  balsam.  Jensen  in  his  description  of  the 
groundmass  adds :  ‘  There  are  also  colourless  isotropic  areas  studded  with  inclusions,  and 
they  have  probably  the  composition  of  nosean  or  analcite’.  In  the  B.M.  section  of  this 
rock  the  isotropic  areas  are  analcime-filled  (Uuses  and  cracks,  and  in  one  place  the  analcime 
lines  a  calcite-filled  vesicle.  The  Terra  Nova  Expedition  did  not  collect  this  type  of  lava 
at  Cape  Barne  (see  p.  86). 

Another  example  of  this  type  with  plagioclase  insets  of  two  main  sizes,  the  longer 
1  cm.  and  the  smaller  2-3  mm.  long,  in  a  chocolate  aphanitic  base  [J57  =  1499]  is  described 
by  Jensen  (op.  cit.  p.  Ill)  and  figured  (pi.  4,  fig.  6)  as  leucitophyre.  His  idiomorphic 
‘  leucites  and  pseudoleucites  ’,  however,  are  nearly  spherical  vesicles  filled  with  analcime. 
The  base  is  red-brown  glass  full  of  crystallites  and  'with  many  microliths  of  plagioclase  of 
higher  refractive  index  than  balsam  and  fewer  magnetites  and  small  augites.  The 
specimen  is  an  erratic  from  Cape  Boyds  and  not  of  great  importance,  but  it  seems  ad-vis- 
able  to  mention  that  the  record  of  ‘  leucitophyre  ’  among  South  Victoria  Land  volcanics 
is  based  on  an  error  and  is  incorrect.* 

The  second  kind  of  feldspar-phyric  basalt,  from  Mount  Erebus,  is  represented  by  one 
specimen  from  those  collected  from  the  moraine  at  the  top  of  Crater  Glacier  [Dl  60]  and 
by  many  specimens  from  Lower  Fang  [D20O]. 

Primarily  these  differ  from  the  first  type,  just  described,  in  that  among  the  insets 
(and  micro-insets)  are  not  only  the  plagioclase  and  olivine  but  also  augite. 

The  augites  are  larger  than  the  olmnes.  In  colour  they  are  pale  purple  and  the 
largest  extinction  angle  measured  in  the  sections  is  c :  y  =  43°.  They  are  feebly  pleochroic. 
An  approximately  basal  section  gave,  /S'  pale  'vinaceous  purple,  y'  pale  ^finaceous  fa'wn. 
The  olivines  are  idiomorphic,  up  to  1-5  mm.  across,  and  they  are  colourless  'with  dark 
alteration  products  along  edges  and  fissures.  There  are  abimdant  micro-insets  of  iron 
‘ores’  (magnetite  and  ilmenite).  The  groundmass  of  the  specimen  from  the  moraine  at 
the  top  of  Crater  Glacier  [Dl60]  is  very  fine-grained.  It  has  interstitial  coloirdess 
material  between  feldspar  laths  and  augite  prisms  with  brown-stained  altered  oli^fine, 
small  cubes  of  magnetite,  and  hair-like  inclusions  in  the  colourless  material.  The 
feldspars  of  the  gToundmass  appear  to  be  oligoclase-andesine  near  Aiiso-  They  give  low 
extinction  angles  but  show  simple  twins,  but  some  extinction  angles  up  to  13°  were  ob¬ 
served.  The  refractive  index  is  near  but  probably  just  greater  than  that  of  Canada 
balsam.  Good  observations  of  the  refrabtive  index  were  not  obtained. 

The  interstitial  material  is  in  places  weakly  birefringent.  Its  refractive  index  is 


*  The  ‘  leucite  tephrite  ’  from  the  top  of  Crater  Hill,  Hut  Point  Peninsula,  also  recorded  by  Jensen  (op. 
cit.  p.  Ill),  is  also  suspect  as  the  chemical  analysis  by  Hogarth,  quoted  in  column  32,  table  \a,  shows  a  low 
content  of  potash  and  the  norm  calculated  from  it  shows  no  feldspathoids  (Jensen,  op.  cit.  p.  123). 
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less  than  balsam  so  it  may  in  part  be  alkali-feldspar.  The  groundmass  is,  however, 
etched  by  HCl  and  the  resultant  solution  yields  a  good  crop  of  cubes  of  NaCl,  so 
nepheline  is  almost  certainly  present  either  as  such  in  the  groundmass  or  as  a  potential 
mineral  in  the  interstitial  material. 

Among  the  many  specimens  from  Lower  Fang  one  [D20O  (33)]  shows  the  plagioclase 
insets  arranged  roughly  parallel  to  a  plane  in  the  lava.  They  average  f  cm.  in  length  and 
are  thin  and  tabular.  The  black  augite  insets  are  fairly  numerous  but  are  rarely  seen  to 
exceed  |  cm.  in  diameter.  The  colour  of  the  groundmass  is  olive-grey  to  iron-grey.  In 
some  specimens  [D20O  (34)]  the  olivines  are  entirely  altered  to  translucent  brown 
iddingsite.  Others  [D20O  (38  and  39)]  are  vesicular  and  have  a  partly  glassy  groundmass 
and  carry  smaller  (1-2  mm.)  but  more  abundant  plagioclase  insets  and  micro-insets. 

A  paler  variety  (light  mouse-grey)  [D20O  (37)]  with  abundant  plagioclase  insets 
and  good  idiomorphic  augites  has  more  of  the  colourless  interstitial  material  in  the 
groundmass  than  the  other  specimens  have.  It  is  clear,  in  this  case,  that  the  material 
has  refractive  index  less  than  balsam  and,  where  observed,  it  proved  isotropic.  All  these 
specimens  give  good  crops  of  sodium  chloride  cubes  from  the  HCl-etch  solution. 

Here  again  apart  from  Mount  Erebus  itself  the  only  localities  at  which  lavas  of  this 
kind  have  been  collected  are :  Tent  Island,  Inaccessible  Island,  and,  for  this  augite-inset 
type,  one  can  add,  Tmk’s  Head,  the  little  promontory  SW.  of  the  summit  of  Erebus  and 
east  of  Inaccessible  Island. 

The  rock  [D46E],  described  as  intruding  through  tuff  on  the  south-west  side  of 
Tent  Island,  is  a  good  example  with  very  abundant  tabular  plagioclase  insets  and  with 
micro-insets  of  augite  and  olivine  and  magnetite  in  a  glassy  base.*  The  glass  as  seen  in 
thin  section  is  very  pale  brown  and  the  gTOundmass  consists  of  this  glass  with  abundant 
plagioclase  laths,  augite  prisms,  and  magnetite.  Apatite  as  hexagonal  prisms  is  a 
frequent  accessory.  The  plagioclase  of  the  insets  is  andesine  near  Ab58An42.  Two  of 
the  insets  measured  are  albite-Ala  complex  twins.  Microliths  in  the  glassy  groundmass 
also  appear  to  be  andesine  near  An^o  but  few  of  the  readings  obtained  were  entirely 
satisfactory. 

It  is  noticeable  that  the  plagioclase  insets  have  rounded  ends  and  a  similar  habit 
was  observed  in  the  plagioclase  insets  in  D42E,  a  specimen  from  the  lava  forming  the 
base  of  the  cliffs  on  the  south  side  of  the  island.  The  gToundmass  in  this  rock  is  glassy 
and  very  dark  brown,  and  the  microliths  of  feldspar  are  very  small.  Mr.  Game  determined 
the  composition  of  the  plagioclase  insets  as  near  An4  7,  based  on  refractive  index  measure¬ 
ments  for  a,  1-551.  Similar  characters  are  shown  by  the  insets  in  the  ‘basic  kenyte’ 
described  below  (p.  75),  a  specimen  collected  by  Denietri  on  Tent  Island  [DClEd]. 

The  lava  [D39E]  from  the  summit  of  the  island  above  the  gully  on  the  west  side 
seems  to  be  of  the  same  kind  with  fewer  augite  insets.  It  is  rich  in  insets  of  plagioclase 


*  The  solution  obtained  after  etching  the  groundmass  with  HCl  yielded  abundant  cubes  of  sodium 
chloride. 
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and  these  average  about  a  centimetre  across  and  are  all  tabular  and  have  a  marked  ten¬ 
dency  to  lie  in  roughly  parallel  planes.  The  groundmass  colour  is  iron-grey.  The  ground- 
mass  reacted  for  feldspathoids  when  etched  with  HCl.  Some  lapilli  in  the  tuff  [D38E] 
outcropping  at  the  SW.  end  of  the  island  are  of  the  same  kind  of  lava. 

On  Inaccessible  Island  the  comparable  type  vdth  insets  of  plagioclase,  augite,  and 
olivine  is  the  rock  in  situ  at  the  top  of  East  Peak  [D30l].  The  feldspars  of  insets  and 
groundmass  are  plagioclase  and  the  rock  ressmbles  D46E  from  Tent  Island,  but  there  are 
some  pale  brown  veins  or  patches  carrying  a  yellow  mineral  like  the  ‘acmite’  in  the 
inclusions  [Dl2E,  etc.]  described  above  with  the  kenytes  (p.  51).  A  very  good  example 
of  a  glassy  variety  of  the  same  type  was  collected  (as  a  boulder)  along  with  the  trachyte 
of  the  upper  slopes  of  the  island  [D27l].  This  has  a  dark  brown  glassy  base  in  which  the 
feldspar  microliths  are  plagioclase  with  refractive  index  quite  definitely  higher  than  that 
of  Canada  balsam.  The  groundmass  colour  is  fuscous  black  and  conspicuous  in 
the  hand-specimen  are  bright  metallic  crystals  of  magnetite  with  cubo-octahedral 
forms  giving  square  and  hexagonal  (six-sided)  sections;  they  range  up  to  0-6  or  0-7  mm. 
across. 

At  Turk’s  Head  blocks  of  black  glassy  porphyritic  lava  vdth  insets  of  plagioclase, 
augite,  and  olivine,  and  similar  little  magnetite  crystals  occur  in  the  tuff  at  the  summit 
of  the  Head.  The  base  in  these  blocks  is  a  clear  pale  brown  glass  [D9T]. 

Probably  this  is  the  glassy  equivalent  of  the  lava  at  the  base  of  Turk’s  Head  [DST]. 
This  has  abundant  tabular  plagioclase  insets  up  to  3  cm.  long  and  micro-insets  of  olivine, 
augite,  and  magnetite  in  an  aphanitic,  deep  neutral  grey  groundmass.  The  groimdmass  is 
holocrystalline  and  consists  of  very  small  colourless  prisms  of  pyroxene  and  cubes  of 
iron  ‘  ore  ’  in  a  colourless  base  of  feldspar  and  isotropic,  colourless  material  of  lower  index. 
The  feldspar  of  the  insets  was  found  by  Mr.  Game  to  be  andesine-labradorite,  but  the 
groundmass  feldspar  has  very  low  or  straight  extinction  angles  and  refractive  indices  very 
near  Canada  balsam.  There  is  a  very  small  amount  of  a  bro’wn  amphibole  or  biotite. 
Apatite  occms  as  very  small  prisms.  The  solution  obtained  after  etching  vdth  HCl  gave 
a  very  abundant  crop  of  cubes  of  NaCl,  so  feldspathoids  are  evidently  abundant  in  the 
colourless  base. 

The  groundmass  of  this  rock  is  clearly  more  leucocratic  and  the  feldspars  less  calcic 
than  they  are  in  the  ‘basalts’  described  above,  though  the  difference  is  probably  slight. 
There  are  probably  gradations  from  one  type  to  the  other.  Quite  similar  lavas  occur  on 
Inaccessible  Island.  H.  I.  Jensen  described  one  of  these  [J41]  as  trachydolerite  (op.  cit. 
p.  110).  It  carries  very  abundant,  short,  tabular  plagioclase  insets  and  micro-insets  of 
olivine,  rare  augite,  and  magnetite,  in  a  pale  neutral  grey  groundmass.  The  insets  are 
plagioclase — Jensen  identified  them  as  oligoclase-andesine — and  the  microliths  in  the 
groundmass  are  also  plagioclase  but  have  very  low  extinction  angles  and  some  have 
straight  extinction.  There  is  much  other  colourless  material  of  low  index  and  some  of  it 
is  certainly  isotropic  and  may  be  analcime.  Small  flakes  of  brown  pleochroic  biotite  ( ?) 
are  common  in  the  groundmass. 
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In  Debenham’s  collection  the  lava  in  situ  at  the  summit  at  the  west  end  of  Inacces¬ 
sible  Island  [D20l]  is  exactly  similar  to  Jensen’s  J41  and  this  and  two  similar  specimens 
[DlOl  and  D26l]  give  an  abundant  crop  of  cubes  of  NaCl  from  the  HCl-etch  solution  so 
there  seems  no  doubt  that  the  colourless  interstitial  material  is  mainly  feldspathoid  and 
not  alkali-feldspar.  The  rocks  can  be  regarded  as  slightly  more  leucocratic  (tephritic) 
representatives  of  the  other  porphyritic  ‘basalts’  described  from  Inaccessible  Island 
(p.  72).  The  plagioclase  of  the  insets  in  these  rocks  has  been  determined  on  the  universal 
stage  by  Mr.  A.  H.  Weir.  He  found  them  to  be:  near  An45  for  D20l;  An42  to  An44  for 
DlOl;  and  An45  to  An47  for  D26l. 

DlOl  is  catalogued  as  ‘typical  kenyte  from  upper  part  of  the  island’  and  D26l  is  a 
lava  at  the  base  near  the  couloir.  They  are  neutral  grey  rocks  breaking  into  flat  slabs. 
They  are  very  rich  in  the  tabular  insets  of  feldspar  and,  but  for  the  augite,  are  indis¬ 
tinguishable  in  hand-specimens  from  the  best  examples  of  the  feldspar-phyric  ‘basalts’ 
[D20O]  from  Lower  Fang  on  Mount  Erebus.  There  are  in  fact  micro-insets  of  augite,  as 
well  as  olivine  and  magnetite,  in  DlOl. 

In  addition  to  his  ‘  trachydolerite  ’  Jensen  classified  in  a  separate  group  some  of  the 
lavas  with  plagioclase  insets,  calling  them  ‘  basic  kenytes  ’  on  the  grounds  that  the  minerals 
of  the  groundmass  were  the  same  as  those  of  the  kenytes.  The  three  rocks  in  this  group 
described  by  him  in  detail  do  not,  however,  have  these  characters.  Two  of  them,  J46 
from  Turk’s  Head,  and  J55,  an  erratic  from  Cape  Royds,  have  glassy  groundmass,  and 
the  third,  the  analysed  specimen,  Jll  from  Turk’s  Head,  seems  to  closely  resemble  the 
‘  basalts  ’  with  tabular  insets  of  plagioclase  and  micro-insets  of  olivine  of  the  type  des¬ 
cribed  above  from  Mount  Erebus,  Turk’s  Head,  and  the  Dellbridge  Islands.  Jensen 
gives  a  chemical  analysis  and  two  figures  of  this  rock  (anal.  p.  110,  and  pi.  3,  figs.  2  and  3) 
and  claims  to  have  identified  ‘leucite  crystals  with  characteristic  inclusions  [and]  a  few 
riebeckite  grains’  in  the  groundmass  (op.  cit.  p.  108).  The  duplicate  specimen  of  Jll 
in  the  British  Museum  collection  [B.M.  1911,  135,  11]  has  abundant  laths  of  plagioclase 
(refractive  index  gveater  than  Canada  balsam)  in  a  brown  glass  with  rather  rare  augites 
and  small  cubes  and  some  blades  of  magnetite  and/or  ilmenite.  It  is  thus  possible 
that  the  British  Museum  specimen  is  not  a  true  duplicate  of  the  specimen  figured  and 
described  by  Jensen  and  analysed.  Our  hand-specimen  has  tabular  feldspars  up  to  1*5 
cm.  long  in  a  dark  mouse-grey  groundmass.  It  looks  like  a  slightly  more  glassy  varia¬ 
tion  of  DsT,  the  lava  at  the  base  of  Tirrk’s  Head,  and  indeed  the  specimen  is  labelled 
‘Turk’s  Head,  in  situ  (a  flow).’,  so  in  all  probability  that  is  what  it  is.  The  analysis  is 
quoted  in  column  23,  Table  IVu. 

This  type  of  basalt  is  fairly  widespread  among  the  volcanic  rocks  of  alkaline  provinces 
and  is  known  from  some  of  the  Atlantic  Islands.  Examples  were  described,  for  instance, 
by  the  author  from  among  the  basalts  of  Tristan  da  Cunha  collected  by  G.  Vibert  Douglas 
on  the  ‘Quest’  Expedition  in  1921.*  It  was  remarked  in  the  report  on  the  expedition 


*  Smith  (W.  Campbell),  Rep.  Geol.  Coll.  ‘Quest’  .  .  .  Exp.,  1921-1922,  1930,  p.  73. 
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that  these  rocks  correspond  to  Eenard’s  ‘felspathic  basalts  with  abundant  augite  pheno- 
crysts  ’  described  from  Tristan  da  Cunha  in  the  Challenger  Eeport.  * * * § 

Mr.  S.  E.  Ellis  of  the  Mineral  Department,  British  Museum  (Natural  History), 
called  my  attention  to  a  rock  which  superficially  resembles  these  Erebus  basalts  with 
insets  of  augite,  plagioclase  and  olivine.  This  is  the  rock  known  to  French  petrographers 
as  a  'basalte  doleritique’,  or  more  popularly  by  Cordier’s  old  name  of  ‘basalte  demi- 
deuir.  It  occurs,  among  other  places,  as.  a  flow  interbedded  vuth  ‘cinerite’  near  the 
Lusclade  quarry  on  the  right  bank  of  the  Dordogne  between  Mont  Dore  and  La  Bourboule 
[B.M.  1952,  248(24)].  J.  Jungf  refers  to  it  as  occupying  the  plateau  of  the  Banne 
d’Ordanche  and  he  quotes  an  analysis  made  for  Lacroix  by  Pisani.  In  the  original 
paper  by  Lacroix  f  there  is  also  an  analysis  of  a  glassy  variety  of  the  same  flow.  Lacroix 
classified  it  with  his  ‘basaltes  tephritiques’.  Earlier  Auguste  Michel-Levy§  had  des¬ 
cribed  the  same  rock  as  ‘basalte  a  structure  ophitique’  and  an  analysis  was  made  for 
him  by  E.  Bonjean.||  The  ophitic  relation  of  the  plagioclase  (‘bytovmite’)  to  augite 
referred  to  by  Michel-Levy  is  not  displayed  by  any  of  the  British  Musemn  specimens 
[B.M.  54088;  71100;  1952,248  (24)].  Another  example  of  a  rock  of  the  same  kind  in  the 
British  Museum  Collection  is  B.M.  52616,  tephritic  olivine-basalt  from  Croix  Plateau, 
Mont  Dore. 

In  spite  of  what  has  been  written  above,  it  seems  that  the  provision  by  Jensen  in  his 
classification  of  the  rocks  of  Mount  Erebus  region  for  ‘basic  kenytes’  had  more  justifica¬ 
tion  than  the  evidence  of  the  duplicates  of  his  described  examples  would  appear  to  show. 
Among  the  weathered  blocks  in  Debenham’s  collection  from  the  summit  of  Inaccessible 
Island  one  specimen  does  consist  of  tabular  plagioclase  insets  in  a  groimdmass  like  that  of 
some  of  the  kenytes.  The  tabular  shape  of  the  insets  is  not  very  marked  and  the  speci¬ 
men  [D25l]  differs  very  little  in  the  appearance  of  the  hand-specimen  from  many  of  the 
kenytes.  The  colour  is  light  neutral  grey ;  it  is  slightly  porous  m  texture,  and  the  insets 
are  numerous.  There  are  small  insets  of  olivine  as  well  as  of  feldspar.  Under  the 
microscope  it  is  quite  clear  that  the  feldspars  of  the  phenocrysts  are  plagioclase  vdth  very 
thin  twin  lamellae  and  sometimes  showing  very  fine  twinning  Ifice  anorthoclase,  but  the 
refractive  index  y'  is  very  close  to  1-556,  and  a'  is  greater  than  1-550.  Such  extinction 
angles  as  have  been  measured  on  the  ordinary  microscope  stage  indicate  a  composition 
near  An45,  which  is  confirmed  by  the  refractive  indices.  The  feldspar  is  thus  determined 
as  andesine,  but  its  potash  content  remains  unknown. 

The  feldspar  laths  of  the  groimdmass  are  simple  tvdns  with  very  low,  rather  ivavy. 


*  Renard  (A.).  Report  on  the  rock  specimens  collected  on  oceanic  islands  during  the  voyage  of  H.iM.S. 
Challenger  during  the  years  1873-1876.  The  voyage  of  H.M.S.  Challenger,  Physics  and  Chemistry,  1899, 
Vol.  2,  part  7,  p.  78. 

t  Jung  (J.),  Mem.  Carte.  Geol.  France.  Geologie  de  I’Auvergne  .  .  .,  1946,  p.  215  and  anal.  no.  7,  p.  216. 

I  Lacroix  (A.),  C.R.  Acad.  Sci.,  Paris,  1917,  vol.  164,  p.  585,  columns  6  and  7. 

§  Michel-Levy  (Aug.),  C.R.  Acad.  Sci.,  Paris,  1899,  Ami.  128,  p.  1080. 

II  Bonjean  (E.),  ibid.  p.  1097. 
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extinction  and  refractive  index  less  than  balsam,  so  they  may  be  anorthoclase  as  in  Jen¬ 
sen’s  basic  kenytes. 

The  other  constituents  of  the  groimdmass  are  a  pale  aiigite  with  purjjle  tinge 
(c;y  — 51°),  abundant  olivine,  and  magnetite  and  colourless  interstitial  nepheline  (con¬ 
firmed  by  micro-chemical  tests),  also  very  minute  flakes  of  a  green,  feebly  pleochroic 
aegirine-augite,  and  a  few  flakes  of  a  brown  pleochroic  amphibole,  perhaps  referable  to 
catophorite.  There  are  also  micro-insets  of  magnetite  and  apatite.  The  grain-size  of 
most  of  the  feldspar  laths  is  about  0-35  mm.  Mr.  A.  H.  Weir  confirmed  by  measurements 
on  the  universal  stage  that  the  feldspars  are  near  An45.  It  is  unfortunate  that  only  one 
specimen  of  this  kind  was  found  on  the  island  and  that  it  was  a  loose  boulder. 

A  purple-drab  ‘  basic  kenyte  ’  is  among  the  specimens  collected  by  Demetri  on  Tent 
Island  (see  p.  14).  The  other  specimens  were  kenytes  and  a  glassy  basalt.  The 
‘basic  kenyte’  [D6lE  cl\  has  plagioclase  insets  (andesine,  near  An45)  with  definite  albite 
twinning  and  many  show  strong  zoning.  Many  of  them  have  broken  edges  and  rounded 
ends  as  if  they  were  xenocrysts.  The  micro-insets  in  this  rock  are  augite,  small  magne¬ 
tites,  and  olivine  associated  with  apatite  (PI.  4,  Fig.  6).  The  groundmass,  extremely  fine¬ 
grained,  looks  like  a  very  fine-grained  example  of  the  type  of  groundmass  seen  in  the 
Cape  Eoyds  erratics  in  which  Prior’s  supposed  leucites  occur.  Good  examples  of  these 
‘leucites’  with  their  central  clot  of  inclusions  are  to  be  seen  in  Denietri’s  specimen. 

The  plagioclase  insets  in  these  two  rocks  may  possibly  be  xenocrysts  in  the  kenyte 
matrix.  A  similar  suggestion  might  also  be  made  to  explain  the  appearance  of  plagio¬ 
clase  insets  along  with  corroded  anorthoclase  in  the  glassy  kenyte  lava  [D4T]  from  Turk’s 
Head,  and  the  same  explanation  might  also  hold  for  the  rare  plagioclase  insets  with 
rounded  ends  and  the  insets  of  purplish  augite  in  the  kenyte  from  Turk’s  Head  summit 
[D2T]. 

If  this  is  a  correct  explanation  the  ‘  basic  kenytes  ’  are  hybrid  rocks  and  the  plagio¬ 
clase  must  be  derived  from  earlier  basaltic  lavas. 

Kenytes  with  tabular  insets  showing  fine  albite  twinning  were  among  the  rocks 
described  by  J.  W.  Gregory  from  Mount  Kenya*  but  in  these  rocks  the  plagioclase  is 
potash-oligoclase  and  its  composition  is  probably  not  very  greatly  different  from  that  of 
the  rhomb-shaped  insets  of  the  typical  kenytes.  Commenting  briefly  on  these  rocks  in 
1931  the  present  author  f  remarked  that  they  appear  to  represent  transitions  from  the  true 
kenytes  to  the  trachybasalts.  JensenJ  considered  kenytes,  ‘acid’  and  ‘basic’,  as  groups 
of  the  trachydolerite  family,  but  the  true  kenytes  are  now  known  to  be  definitely  phono- 
lites.  It  is  evident  that  the  ‘basic  ken5des’  seen  by  Jensen  had  insets  of  anorthoclase 
(almond-shaped)  as  well  as  tabular  oligoclase,  and  his  description  of  the  groundmass  of 
representative  examples  differs  very  little  from  the  description  of  the  groundmass  of  the 
other  kenytes. 

*  Gregory  (J.  W.),  Quart.  Joiirn.  Geol.  Soc.,  1900,  vol.  56,  p.  212,  and  p.  222,  pi.  12,  fig.  2. 

t  Smitli  (W.  Campbell),  Quart.  Journ.  Geol.  Soc.,  1931,  vol.  87,  p.  247-8. 

f  Jensen  (H.  I.),  op.  cit.,  p.  103  ,pp.  107  and  108. 
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Basaltic  Lavas  or  Hut  Point  Peninsula 
Olivine-basalts  {Prior,  1907)  and  Limhurgite 

Prior,  in  his  report  on  the  rocks  collected  by  H.  T.  Ferrar  during  the  Discovery 
Expedition  of  1901-4  (op.  cit.  p.  104),  gave  a  general  account  of  the  rocks  classified  by 
him  as  olivine-basalts  and  provided  two  analyses.  His  analysed  example  [656]  from  a 
clifi  near  The  Gap,  between  Observation  Hjjl  and  Crater  Heights,  has  numerous  small  in¬ 
sets  of  purplish  augite  and  smaller  insets  of  olivine,  both  equally  abundant,  in  a  ground- 
mass  of  small  laths  of  plagioclase,  grains  of  pale  purple-brown  augite,  magnetite,  and  a 
little  colourless  interstitial  material.  The  augite  and  olmne  are  much  in  excess  of  the 
feldspar.  The  analysis  is  quoted  in  column  28,  Table  Va. 

Kocks  resembling  this  analysed  type  of  Prior’s  [656]  were  collected  by  Debenham 
from: 

Harbour  Heights  [DlH];  west  corner.  Crater  Heights  [226];  and,  a  slightly  more 
feldspathic  variety,  from  a  mound  below  Harbour  Heights,  at  a  mile  from  the  Hut 
[260]. 

In  the  groundmass  of  the  last-mentioned  specimen  are  microliths  of  plagioclase,  small 
augites  with  abundant  cubes  of  magnetite,  and  interstitial  brown  glass  containing  small 
plates  of  opaque  ‘ore’  (ilmenite?).  The  feldspars  have  symmetrical  extinction  angles 
near  25°  corresponding  to  andesine  near  An4e. 

Another  example  of  this  type,  slightly  richer  in  feldspar  than  the  analysed  specimen, 
is  No.  383  of  the  Discovery  collection  from  below  Castle  Eock  near  Sulphur  Cones, 
mentioned  by  Prior  as  ‘accompanying  the  hornblende-basalts’  (op.  cit.  p.  105). 

Prior  also  gave  an  analysis  of  another  basalt  [326]  from  Eidge  Eoad,  Winter  Quarters. 
This  he  described  as  a  limburgite-like  rock  but  after  reviewing  the  analysis  and  comparing 
it  with  the  analysis  of  his  ‘olivine-basalt’  [656]  he  recognized  the  fact  that  it  only  differed 
by  its  much  more  glassy  base.  As  a  matter  of  fact  Prior  was  working  vdth  a  rather  thick 
section  and  the  groundmass,  being  dense  with  magnetite,  appears,  under  a  low  magnifica¬ 
tion,  to  remain  dark  between  crossed  nicols.  Actually  it  consists  of  very  abundant 
magnetite,  piurple-brown  augite,  and  laths  of  plagioclase,  but  it  is  too  dense  to  show 
whether  interstitial  colourless  material  or  glass  is  present  or  no.  There  are  in  this  rock 
abundant  insets  and  micro-insets,  definitely  two  generations,  of  olivine  and  augite.  The 
analysis  is  quoted  in  column  29,  Table  Va. 

The  norms  of  these  analyses  [656  and  326]  show  12-50  and  11-64  per  cent  normative 
nephehne,  but  this  is  not  expressed  as  identifiable  nepheline  in  the  rock.  Etching  with 
HCl,  however,  produces  a  solution  yielding  cubes  of  sodium  chloride  on  evaporation. 
The  sub-rang  of  the  C.I.P.W.  classification,  III.6.3.4.,  in  which  these  analyses  fall, 
includes  over  60  basalts  all  with  normative  nepheline.  In  the  classification  of  Lacroix 
they  would  be  classed  as  ‘  basanitoide  ’,  but  they  are  referred  to  here  as  basalt  throughout 
as  Lacroix’s  name  has  not  been  widely  used  hitherto.* 


*  Denaeyer  (Marcel,  E.),  Tableaux  de  Petrographie.  Paris,  1951,  p.  89. 
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Many  of  the  basalts  in  the  siib-rang,  III. 6. 3.4.,  are  from  Atlantic  Islands.  Among 
the  great  numbers  of  analyses  it  is  difficult  to  select  the  best  comparisons,  but  perhaps  the 
closest  resemblances  are  found  among  the  analyses  of  basalts  from  Madeira,  these,  like  the 
Hut  Point  basalts,  showing  a  rather  high  Ti02  content.  These  rocks  were  described  by 
C.  Gageh*  They  had  also  been  classified  by  Finckh.  Examination  of  Gagel’s  collection 
now  in  the  British  Museum  (Natural  History)  [B.M.,  1923,  604]  shows  that,  while  most  of 
the  Madeira  ‘  basalts  ’  difier  from  the  fine-grained,  dense,  basalts  of  Hut  Point,  yet  it  is 
possible  to  find  some  tolerably  close  matches,  e.g.  the  basalt  from  Canical  listed  in 
Washington’s  tables  as  ‘limburgitic  trachy dolerite  ’  f  (no.  128,  p.  623).  The  three  analyses 
of  Madeira  rocks  in  III. 6. 3.4.  (Washington,  nos.  36-38,  pp.  680-3)  are  of  rocks  not 
texturally  so  similar  to  any  of  the  Hut  Point  basalts  examined. 

The  rather  unusual  analysis  by  Mr.  Hogarth  of  the  rock  J31  from  Crater  Hill,  Hut 
Point,  described  by  Jensen  as  ‘leucite  tephrite’  (see  p.  54)  resembles  the  analyses  of 
Prior’s  two  basalts  in  several  constituents,  and  its  values  plot  fairly  near  the  points  for 
these  rocks  in  the  Q-L-M  and  77-k  and  y-mg  diagrams  (Figs.  6,  7,  and  8). 

Prior’s  specimen  326  from  Ridge  Road  can  be  matched  in  Debenham’s  collection  by 
D25H  from  Point  B,  between  Fortress  Rocks  and  Crater  Hill;  and,  with  a  more  dense 
groundmass,  by  E)33H,  from  Fortress  Rocks.  In  these  specimens  the  groundmass  con¬ 
tains  interstitial  vinaceous  brown  glass  in  addition  to  the  little  augites,  feldspar  laths,  and 
magnetite  (PI.  6,  Fig.  2).  An  augite  inset  in  D25H  gave  extinction  angle,  c:y'  =  55°. 
D23H  from  Boulder  Cones  is  rather  similar  to  D25H.  It  has  many  insets  of  augite  and 
some  of  olivine  in  a  groundmass  with  marked  flow-structure  shown  up  by  streaks  of 
more  dense  black  colour. 

In  hand-specimens  these  rocks  are  aphanitic,  compact  to  slightly  vesicular,  and  deep 
to  dark  neutral  grey. 

Differing  from  these  only  slightly  are  several  basalts  from  Harbour  Heights  above 
Hut  Point.  They  contain  rather  more  feldspar,  which  occurs  as  short  laths  showing 
some  tendency  to  parallel  arrangement.  In  these  rocks  [D20H,  1  and  4]  there  are 
abundant  nficro-insets  of  idiomorphic,  colourless  olivine  and  only  a  few,  very  small, 
vinaceous  buff  augites.  The  gToundmass  consists  of  abundant  short,  thin  laths  of 
plagioclase,  between  which  are  grains  of  augite,  brown  glass  with  cubes  and  tiny  needles 
and  rods  of  opaque  ‘ore’  (probably  magnetite  and  ilmenite),  and  some  slightly  feathery 
crystallites.  A  second  generation  of  smaller  olivines  and  augites  is  scattered  through  this 
groundmass.  These  are  very  dense  aphanitic  basalts.  The  weathering  of  the  abundant 
iron  ‘ore’  gives  to  the  general  colom  a  purple-drab  tinge. 

Other  ‘basalts’  from  Harbour  Heights  [D20H,  (3)  and  (5)]  are  lighter  coloured  and 
somewhat  richer  in  feldspar.  These  contain  abundant  micro-insets  of  olivine,  many  of 


*  Gagel  (C.),  Studien  iiber  den  Aufbau  und  die  Gesteine  Madeiras.  Zeits.  deutschen  geol.  Gesellschaft, 
1912,  vol.  64,  pp.  429  and  439. 

t  Washington  (H.  S.),  Chemical  analyses  of  igneous  rocks.  Washington,  1917. 
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them  idiomorphic,  and  only  rare  small  augites.  The  texture  of  the  groundmass  is  inter¬ 
granular.  Small  prisms  and  grains  of  augite  and  cubes  of  magnetite  with  some  colourless 
material,  generally  birefringent,  lie  between  the  very  numerous  slender  feldspar  laths 
(PL  6,  Fig.  1).  The  colourless  material  has  low  birefringence  and  may  be  nepheline. 
Minute  colourless  needles  in  the  colourless  base  are  probably  apatite. 

In  a  darker  colom-ed  variety  of  this  type  the  olivines  have  dark  brown,  almost  black, 
rims  due  partly  to  marginal  alteration,  partly  to  the  way  in  w^hich  magnetite  is  packed 
round  the  insets. 

A  rock  similar  to  these  [J9  =  1918]  was  collected  on  the  1907-9  Expedition  at 
Observation  Hill,  Hut  Point  Peninsula.  It  is  erroneously  listed  by  Jensen  as  limbur- 
gite  (op.  cit.  p.  1 1 6) ,  but  nevertheless  he  correctly  describes  the  rock  as  consisting  of  ‘  hypi- 
diomorphic  grains  of  titaniferous  pyroxene  (about  50  per  cent.),  labradorite  microLites 
(about  35  per  cent.),  idiomorphic  magnetite  (about  10  per  cent.),  and  olivine  in  micro¬ 
scopic  phenocrysts  (about  5  per  cent.).’ 

A  true  limburgite  was  collected  by  Debenham  from  a  lava-flow  below^  the  west  side 
of  Fortress  Hocks,  probably  derived  from  Crater  Hill.  This  is  a  black,  aphanitic, 
slightly  vesicular  rock  with  many  inclusions,  some  of  which  are  angular  nodules  of 
olivine,  while  others  have  quite  different  characters  and  are  perhaps  derived  from 
sedimentary  rocks.  Under  the  microscope  the  rock  is  seen  to  consist  of  a  dense  black 
glass  with  a  very  few  tliin  laths  of  plagioclase  (labradorite),  insets  of  idiomorphic  olivine, 
and  micro-insets  of  augite,  brown  hornblende,  and  olivine*.  Prior  described  a  limburgite 
with  large  nodules  of  olivine  from  Franklin  Island  in  his  report  on  the  rock-specimens 
collected  by  the  ‘  Southern  Cross  ’  Antarctic  Expeditionf.  The  glass  in  this  rock  is  paler 
in  colour  than  in  the  Hut  Point  limburgite  and  brown  hornblende  is  not  present. 

H.  I.  Jensen  quotes  an  analysis  of  limbiirgite  from  Mount  Erebus  [J68]  but  there 
seems  to  be  no  published  description  of  the  rock  in  his  owm  memoir  nor  is  its  exact 
locality  defined.  The  analysis  has  been  included  with  those  of  the  basalts  in  column  25, 
Table  Va.  A  somewhat  similar  analysis  is  that  of  a  basalt  from  Possession  Island 
in  the  Crozet  Islands,  described  by  R.  Reinisch  and  listed  by  Washington  (op.  cit. 
p.  709). 

Another  dense  black,  aphanitic  lava  with  angular  inclusions  of  olivine  is  Dl8H,  a 
flow  100  yards  NE.  of  Castle  Rock.  It  has  very  small  micro-insets  of  olhdne  and  still 
smaller  ones  of  magnetite  in  a  fine-grained  groundmass  with  vast  nmnbers  of  minute 
cubes  of  magnetite  and  nearly  colourless  augite  crow^ded  bet’ween  abundant  short  thin 
feldspar  laths,  which  have  a  roughly  parallel  alinement.  Another  specimen  bearing  the 
same  number  and  j^resumably  from  the  same  flow  is  vesicular  and  has  intersertal  texture 

*  The  basalt  from  Ridge  Road,  Winter  Quarters,  [326]  is  listed  in  Washington’s  Tables  as  limburgite  but 
see  p.  76.  Washington  (H.  S.),  Chemical  analyses  of  igneous  rocks.  Washington,  1917,  p.  687,  No.  64. 

t  Prior  (G.  T.)  in  Report  on  the  collections  of  Natural  History  made  in  the  Antarctic  Regions  during  the 
voyage  of  the  ‘Southern  Cross’.  London,  1902,  p.  328. 
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with  colourless  interstitial  glass  and  the  iron  ‘ore’  in  blades  as  well  as  stouter  crystal 
forms.  Many  of  the  vesicles  in  this  specimen  are  filled  with  analcime. 

Another  olivine-basalt  that  needs  to  be  mentioned,  though  its  exact  relation  to  other 
types  described  is  not  clear,  is  one  [261]  from  Harbour  Heights  at  the  highest  point 
before  the  first  crater.  This  is  a  fine-gTained  basalt  with  intergranular  textime.  There 
are  small  insets  and  micro-insets  of  colourless  olivine  in  a  groundmass  of  plagioclase 
laths,  augite,  olivine,  and  magnetite,  all  well  crystallized.  The  grain-size  of  the  ground- 
mass  feldspars  and  augite  is  about  0-015  to  0-02  mm.  The  magnetite  is  in  good  small 
crystals  and  belongs  perhaps  to  the  period  of  the  micro-insets.  The  particularly  interest¬ 
ing  point  about  this  rock  is  that  it  contains  numerous  small  segregations  consisting  of 
slender  skeletal  purple  augites  in  a  colourless  base  crowded  with  long  rods  of  iron  ‘  ore  ’ 
(ilmenite?).  This  base  is  partly  isotropic  and  is  probably  glass  or  de vitrified  glass,  but 
there  are  also  in  it  clear,  colourless,  weakly  birefringent  patches  of  a  mineral  with  refrac¬ 
tive  index  near  Canada  balsam;  this  is  probably  nepheline.  There  are  a  few  plagioclase 
laths  also  in  these  segregation  areas.  The  patches  are  irregular  in  form,  may  be  up  to 
5  mm.  across,  and  show  up  in  the  hand-specimen  as  dull,  dark  areas.  They  probably 
stand  to  the  ‘  basalt  ’  in  the  same  relation  as  the  brown  hornblende  inclusions  described 
by  Prior  do  to  the  Observation  Hill  trachytes.* 

‘Hornblende-basalts’’  {Prior,  1907) 

Other  lavas  from  Hut  Point  Peninsula  were  described  by  Prior  under  the  name  of 
‘Hornblende-basalt’  (op.  cit.  p.  102).  The  analysed  specimen  [385]  from  Sulphur  Cones 
is  a  compact,  fine-grained,  neutral  grey  rock  with  very  small  (up  to  5  mm.)  black  insets, 
and  very  rare  insets  of  feldspar,  and  small  magnetites.  The  hand-specimen  shows  one 
of  the  coarse-grained  gabbro-like  nodules  described  by  Prior  and  further  mentioned 
below.  Prior’s  description  of  these  rocks  is  as  follows:  ‘Under  the  microscope  small 
phenocrysts  of  pale  purplish-brown  augite  and  deep  reddish-brown  basaltic  hornblende 
(or  more  often  magnetite-pseudomorphs  after  hornblende)  are  seen  in  a  ground-mass  of 
felspar-laths,  magnetite-grains,  purplish  augite  in  grains  and  needles,  and  small  olivines. 
The  felspar-laths  are  mostly  of  labradorite,  giving  symmetrical  extinctions  in  twin 
lamellae  of  about  22°.  Apatite  is  plentiful  in  the  ground-mass  and  as  inclusions  in  the 
hornblende-pseudomorphs  (see  Fig.  59) ;  it  has  often  a  pinkish  tinge  and  is  cloudy  with 
black  inclusions  arranged  in  lines  parallel  to  the  sides  of  hexagonal  sections.’ 

The  gToundmass  in  the  analysed  specimen  [385]  is  lighter  coloured  than  in  any  of 
the  rocks  described  above  under  ‘olivine-basalt’  (Prior).  It  has  colourless  material  be¬ 
tween  the  feldspars.  This  has  a  lower  index  than  plagioclase  and  is  probably  nepheline. 
There  are  a  few  small  olivines  but  they  are  rare.  Small  augites,  as  micro-insets,  are 
common  and  show  zoning,  and  the  remarkable  coloured  apatites  noted  by  Prior  are 


*  Prior  (G.  T.),  op.  cit.,  1907,  p.  118. 
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prominent  accessories.  The  pseudomorphs  of  hornblende  consist,  as  Prior  has  remarked, 
principally  of  magnetite  in  little  crystals  and  the  associated  material  seems  to  be  pyroxene 
and  perhaps  also  feldspar.  An  interesting  point,  also  noted  by  Prior,*  is  that  these 
pseudomorphs  are  rimmed  with  augite.  One  can  see  in  the  sections  many  idiomorphic 
augites  with  a  cloud  of  magnetite  crystals  in  the  middle,  and  these  probably  represent 
the  final  result  of  the  resorption  of  hornblende. 

The  rocks  grouped  by  Prior  under  ‘hornblende-basalts’  show  variations  especially 
in  the  groundmass.  A  specimen  [391]  from  Castle  Rock,  Hut  Point,  a  fine-grained,  deep 
neutral  grey  rock  with  a  tinge  of  purple-drab  here  and  there,  shows  well-marked  flow- 
structure.  It  carries  insets  of  augite  (up  to  3  mm.)  and  of  magnetite  (l-o  mm.)  as  well 
as  the  abundant  pseudomorphs  of  hornblende.  A  little  of  the  original  brown  hornblende 
remains  unaltered.  Olivine  is  absent.  This  rock  carries  the  remarkable  apatites 
described  by  Prior.  Their  colour  in  thin  section  is  vinaceous  bufi  and  crystals  measure 
up  to  0T5  mm.  across.  They  are  quite  abundant  especially  in  some  of  the  hornblende 
pseudomorphs. 

Nothing  quite  like  these  rocks  happens  to  have  been  sectioned  from  Debenham’s 
collection  from  Hut  Point  Peninsula,  but  a  specimen  [249]  from  Half  Moon  Crater 
carries  abundant  brown  hornblendes  and  hornblende  pseudomorphs  in  a  streaky,  grey 
and  black  groundmass  with  marked  flow-structure.  This  groundmass  is  very  fine¬ 
grained  and  consists  of  plagioclase,  augite,  and  magnetite.  The  last  is  in  two  sizes; 
cubes  about  0-02  to  0-04  mm.,  and  much  smaller  ones  (0-004  mm.),  very  abundant. 
Olivine  is  present  only  as  rare  micro-insets.  There  are  some  apatites  like  those  described 
above  but  less  well  developed. 

Other  rocks  collected  from  Hut  Point  Peninsula  by  Debenham  showing  fresh  brown 
hornblende  resemble  in  other  ways  the  olivine-basalts  described  above.  Such  are:  DoH, 
a  boulder  from  the  Ski  Slope;  also  [267]  from  Hut  Point,  and  [227],  a  lava  in  situ  on  the 
SW.  lip  of  Middle  Crater,  Point  C.  These  rocks  are  aphanitic,  dusky  drab  to  deep 
mouse-grey,  and  they  are  full  of  inclusions  of  olivine,  white  gabbro-like  rocks,  and  large 
hornblendes  up  to  2-5  cm.  across.  It  is  noticeable  that  fresh  fractures  on  these  rocks  are 
dark  neutral  grey  but  older  surfaces  are  dusky  drab.  Rather  similar  rocks,  black  and 
glassy  on  fractures,  were  collected  by  Ferrar  ‘near  the  ship.  Winter  Quarters’  (i.e.  Hut 
Point)  [87171,  335  and  339].  These  carry  many  included  nodules  of  olivine. 

Among  the  Mount  Erebus  lavas  brown  hornblende  occins  in  a  glassy,  porph}Titic 
basaltic  lava  from  the  base  of  Abbott’s  Peak  [Dl80]  and  from  the  red- weathered  blocks 
on  its  summit  [D290].  These  rather  vesicular  lavas  carry  abundant  tabular  insets  of 
plagioclase  (labradorite,  near  An52)  with  many  dark  glass  inclusions.  In  the  brovm, 
glassy  groundmass  are  very  abundant  laths  of  plagioclase  along  with  insets  of  augite, 
greenish  in  colour,  less  abundant  olivine,  and  the  brown  hornblendes  already  mentioned. 


*  Prior  (G.  T.),  op.  cit.  1907,  p.  103  and  fig.  59.  The  specimen  figured  is  number  391,  not  691  as  stated 
in  the  caption.  The  extinction  angle,  22°,  is  too  low  for  labradorite  and  corresponds  to  andesine  An4o. 
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These  rocks  are  closely  related  to  the  porphyritic  basalts  with  insets  of  plagioclase, 
augite,  and  olivine  described  in  the  earlier  part  of  this  chapter. 

The  analysis  of  Prior’s  hornblende-basalt  from  Sulphur  Cones  is  given  in  column  27, 
Table  Va.  In  some  respects  it  is  intermediate  between  the  other  Hut  Point  basalts  of 
which  analyses  are  given  in  the  same  table,  and  a  rather  more  leucocratic  hornblende¬ 
bearing  ‘  basalt  ’  from  the  foot  of  Mount  Terror  described  by  Prior  in  his  account  of  the 
rock-specimens  collected  by  the  ‘  Southern  Cross  ’  Expedition.*  His  analysis  of  this  rock 
is  given  in  column  24,  Table  IVa.  The  norm  shows  notably  higher  ah  and  lower  di,  mt, 
and  il  than  385  and,  judged  by  its  norm,  the  rock  might  rank  as  a  tephrite  carrying  a 
small  proportion  of  olivine  but  a  deep  brown,  glassy  base  masks  its  relatively  felsic 
character  when  compared,  for  instance,  with  the  rock  [249]  from  Half  Moon  Crater 
described  in  the  preceding  paragraph.  It  would  be  called  ‘tephritoide  ’  in  Lacroix’s 
classification. 

Other  records  of  brown  hornblende  in  Ross  Island  basalts  are  in  specimens  ( ?  inclu¬ 
sions)  from  the  900  foot  knoll  on  Cape  Crozier  [B.M.  87171  (180)]  and  in  a  rock  from  Cape 
Bird  [P317  (630)  =  B.M.  1911,  135  (31)]  to  which  Jensen  applied  the  name  ‘kulaite’ 
(op.  cit.  p.  124),  and  two  other  specimens  from  Cape  Bird  [J36(1944)  and  P325(648)]. 

The  specimen  J36  is  figured  and  described  by  Jensen  (op.  cit.  p.  123  and  pi.  3, 
fig.  6).  It  contains  many  pseudomorphs  of  hornblende  with  small  insets  of  augite, 
olivine,  and  occasional  plagioclase  and  micro-insets  of  magnetite  in  a  groundmass  of 
plagioclase  laths,  small  augites,  and  very  small  magnetites  and  interstitial  glassy  base. 
The  enstatite  recorded  by  Jensen  in  the  gToundmass  was  not  observed.  The  analysis  of 
the  other  specimen  [P325  (648)]  which  is  described  as  similar  to  J36  is  quoted  in  column 
22,  Table  IVa.  In  some  respects  it  is  not  very  different  from  that  of  87572  (93),  Prior’s 
analysed  ‘hornblende-basalt’  from  Mount  Terror. 

In  general  the  basalts  collected  by  Ferrar  at  Cape  Crozier,  as  well  as  those  collected 
by  Dr.  Wilson  from  the  cliffs  (Crozier  Cliffs),  which  show  the  good  columnar  structure, 
[830]  all  resemble  the  basalts  of  Hut  Point.  The  resemblance  extends  to  the  appearance 
in  some  of  them  of  brown  hornblende  (see  above). 

The  same  may  be  said  of  the  rocks  from  Cape  Bird  collected  on  Shackleton’s  expedi¬ 
tion  and  variously  described  by  Jensen  as  ‘olivine  basanite’,  ‘alkalme  dolerite’,  and 
‘limburgitic  dolerite’  (op.  cit.  j).  125). 

The  nearly  colourless  pyroxene  of  the  micro-insets  of  the  ‘limburgitic  dolerite’ 
[P322  (642)]  was  referred  by  Jensen  to  enstatite,  but  this  identification  seems  doubtful. 
Crystals  measured  on  the  duplicate  specimen  [BM.  1911,  135  (43)]  give  extinction 
c:y  up  to  47°,  but  birefringence  is  rather  low. 

The  ‘olivine  basanite’  [P334  (654)]  is  interesting  as  it  contains  some  rounded  xeno- 
liths  one  of  which  may  well  be  quartz  surrounded  by  a  turbid  reaction  rim.  Others  show 


*  Prior  (G.  T.),  Report  on  the  collections  of  Natural  History  made  in  the  Antarctic  Regions  during  the 
voyage  of  the  ‘Southern  Cross’.  London,  1902,  p.  326. 
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TABLE  IV.— CHEMICAL  ANALYSES,  NORMS,  ETC.,  OF  ‘BASIC  KENYTE’  AND 

HORNBLENDE-BASALT 

22.  ‘Kulaitic  Basalt’,  Jensen,  1916.  IL5".3(4).4. 

Cape  Bird,  Ross  Island.  Burrows  and  Walkom,  anal. 

[P325(648)].  Jensen,  1916,  column  viii,  p.  122,  and  p.  124. 

23.  ‘Basic  Kenyte,  Plagioclase  Kenyte’,  Jensen,  1916.  11. "6. "3.4. 

Turk’s  Head,  Ross  Island.  Hogarth,  anal. 

[Jll(1920)].  Jensen,  1916,  column  vii,  p.  122,  and  p.  108. 

24.  Hornblende-basalt,  Prior,  1902.  11.6. (2)3.4. 

Foot  of  Mount  Terror,  Ross  Island.  6.  T.  Prior,  anal. 

[B.M.85752(93)].  Washington,  1917,  p.  577,  no.  22. 


TABLE  IVa.— CHEMICAL  ANALYSES  TABLE  IV6.— C.I.P.W.  NORMS 


22 

23 

24 

22 

23 

24 

Si02 

48-26 

47-56 

47-40 

TiOa 

0-88 

2-60 

0-63 

or 

12-51 

16-01 

16-12 

AI2O3 

22-67 

18-77 

20-27 

ab 

23-06 

20-07 

20-96 

Fe203 

3-22 

1-66 

5-38 

an 

37-25 

20-02 

20-29 

FeO 

4-56 

7-13 

5-48 

ne 

5-96 

12-70 

15-34 

MnO 

0-11 

0-20 

0-17 

MgO 

3-73 

2-82 

2-94 

di 

4-70 

15-08 

9-06 

CaO 

8-68 

7-82 

7-59 

Na20 

4-03 

5-15 

5-78 

ol 

8-35 

4-15 

5-63 

K2O 

2-15 

2-68 

2-73 

mt 

4-64 

2-46 

7-89 

H20-1- 

0-32 

1-27 

rO-23 

il 

1-67 

5-02 

1-22 

H2O- 

1-01 

0-82 

1  ig- 

ap 

0-17 

2-02 

P2O5 

tr. 

0-07 

0-85 

pr 

0-05 

CO2 

tr. 

Zr02 

SO3 

0-06 

SrO 

0-21 

99-92 

98-82  * 

99-45 

*  Low  summation. 


TABLE  IVc.— CATION  PER  CENT 


TABLE  IVd.— EQUIVALENT  NORMS 


22 

23 

24 

22 

23 

24 

Si02 

45-4 

44-5 

44 

TiOg 

0-6 

1-8 

0-4 

Or 

12-5 

16-25 

16-0 

2AI2O3 

25 

21-8 

22 

Ab 

25 

23 

21 

2Fe203 

2-25 

1-2 

3-8 

An 

38-5 

23 

21 

FeO  1 

3-65 

5-7 

4-3- 

Ne 

7 

14-1 

18-6 

MnO  J 

Wo 

2-1 

4-6 

5-6 

MgO 

5-25 

3-9 

4-1 

En 

1-5 

2-6 

3-8 

CaO 

8-75 

7-9 

7-5 

Fs 

0-6 

2-0 

1-8 

|-Na20 

7-35 

9-3 

10-4 

Fo 

6-7 

3-9 

3-3 

1K2O 

2-5 

3-2 

3-2 

Fa 

2-5 

3-4 

1-65 

11 

1-2 

3-7 

0-8 

Mt 

1-8 

1-8 

5-7 

iP205 

0-6 

0-3 

Ap 

tr. 

1-5 

0-8 

100-75 

99-9 

100-0 
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TABLE  IVe.— ‘NIGGLI  VALUES’  TABLE  IV/.— ‘BASIS’ 


22 

23 

24 

22 

23 

24 

si 

122 

126 

116 

al 

33-4 

29 

29-5 

Cp 

1 

1-7 

fm 

30 

31 

32-5 

Ru 

0-6 

1-8 

0-4 

c 

23-4 

22 

20 

Kp 

7-6 

9-4 

9-6 

alk 

13-2 

18 

18 

Ne 

22 

28 

31-2 

ti 

1-7 

5-2 

1-2 

Cal 

22-2 

13-8 

12-6 

k 

0-25 

0-26 

0-24 

Cs 

1-7 

4-7 

3-5 

mg 

0-47 

0-57 

0-34 

Fo 

7-7 

5-9 

6-1 

c/fm 

0-78 

0-74 

0-61 

Fa 

5-5 

9-1 

6-5 

qz 

-91-4 

-79 

-90-5 

Fs 

3-4 

1-8 

5-6 

P 

tr. 

0-1 

0-88 

Q 

29-5 

24-8 

23-3 

77 

0-43 

0-27 

0-23 

Q 

29 

25 

23-5 

L 

52 

51-5 

54 

Y 

0-093 

0-22 

0-16 

M 

19 

23-5 

22-5 
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TABLE  V.— CHEMICAL  ANALYSES,  NORMS,  ETC.  OF  BASALTS 

25.  ‘Limburgite’,  Jensen,  1916.  "IV.1(2).2.(2)3.2. 

Mount  Erebus,  Ross  Island.  Burrows  and  AValkom,  anal. 

[J68].  Jensen,  1916,  column  B,  p.  114. 

26.  Basalt  poor  in  olivine,  Jensen,  1916.  (11)111.5.3.4. 

Cape  Barne,  Ross  Island.  Hogarth,  anal. 

[J4(1914)].  Jensen,  1916,  column  D,  p.  114  and  p.  112. 

27.  Hornblende-basalt,  Prior,  1907.  (11)111.6. "3.4. 

Sulphur  Cones,  Hut  Point  Peninsula,  Ross  Island.  G.  T.  Prior,  anal. 

[B.M.87171(385)].  Washington,  1917,  p.  685,  no.  62. 

28.  Olivine-basalt,  Prior,  1907.  III. 6. 3. 4. 

The  Gap,  between  Observation  Hill  and  Crater  Heights,  Hut  Point  Peninsula,  Ross  Island.  G.  T. 
Prior,  anal.  [B.M. 87171(656)].  Washington,  1917,  p.  685,  no.  63. 

29.  Olivine-basalt.  ‘ Limburgite- like  basalt’,  Prior,  1907.  Limburgite,  in  Washington’s  Tables,  1917. 

III. 6.3.4.  Ridge  Road,  Winter  Quarters,  Hut  Point  Peninsula,  Ross  Island,  G.  T.  Prior  anal. 
[B.M.87171(326)].  Washington,  1917,  p.  687,  no.  64. 

30.  Olivine-basalt.  III. "6.3.". 4. 

Cheyenne  Crater,  Taylor  Valley,  Ferrar  Glacier  region.  South  Victoria  Land.  N.  E.  Butcher  and 
D.  I.  Bothwell,  anal.  [D8F]. 

31.  Olivine-basalt.  in"6.3.4. 

Lava-flow,  Black  Hill,  Taylor  Valley,  Ferrar  Glacier  region.  South  Victoria  Land.  D.  I.  Bothwell, 
anal.  [D2F]. 

32.  ‘Leucite  Tephrite’,  Jensen,  1916.  111.5.(3)4.4. 

Top  of  Crater  Hill,  Hut  Point  Peninsula,  Ross  Island.  Hogarth,  anal. 

[J31].  Jensen,  1916,  column  xi,  p.  122,  and  p.  111. 


TABLE  Va.— CHEMICAL  ANALYSES 


25 

26 

27 

28 

29 

30 

31 

32 

SiOa 

45-63 

43-54 

43-92 

42-14 

42-10 

42-92 

41-47 

41-64 

TiOa 

2-42 

5-03 

4-19 

4-90 

4-93 

3-77 

5-19 

4-36 

AI2O3 

10-43 

16-08 

17-42 

14-95 

14-87 

15-34 

14-31 

13-80 

^6303 

1-20 

2-63 

4-09 

2-90 

3-26 

3-71 

3-96 

7-93 

FeO 

8-93 

10-14 

8-83 

9-71 

9-76 

10-39 

11-48 

5-41 

MnO 

0-17 

0-20 

0-09 

0-12 

0-07 

0-23 

0-22 

0-19 

MgO 

15-01 

6-44 

4-89 

9-47 

8-88 

7-25 

7-07 

8-78 

CaO 

12-89 

8-09 

9-53 

10-32 

10-63 

10-98 

10-03 

11-16 

Na^O 

2-04 

3-61 

4-60 

3-27 

3-20 

3-15 

3-13 

2-14 

K2O 

0-74 

1-67 

2-17 

1-80 

1-80 

1-30 

1-59 

1-40 

H2O  + 

0-16 

0-36 

0-11 

0-16 

0-12 

0-35 

0-57 

0-47 

H2O- 

0-21 

0-08 

0-06 

0-12 

0-11 

nil 

0-36 

0-62 

P2O6 

0-43 

1-29 

0-67 

0-40 

0-58 

tr. 

0-49 

0-96 

CO2 

0-12 

0-15 

0-08 

0-05 

Zr02 

0-03 

0-005 

abs. 

SrO 

1-46 

0-06 

0-08 

BaO 

0-057 

0-04 

100-38 

100-77 

100-57 

100-26 

100-31 

99-9* 

10M2t 

100-61t 

*  Includes  S"  0-10,  Cl  OTO,  E'  0-20,  also  heavy  metals, 
t  Includes  S"  0-27,  Cl  0-14,  P"  0-11. 
j  Includes  SO3  1.70. 
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TABLE  V6.— C.I.P.W.  NORMS 


25 

26 

27 

28 

29 

30 

31 

32 

or 

4-34 

9-84 

12-79 

10-56 

10-56 

7-78 

9-45 

8-34 

ab 

8-07 

22-11 

11-26 

4-72 

5-76 

9-96 

10-84 

15-30 

an 

1716 

23-74 

20-57 

20-85 

20-85 

24-57 

20-69 

23-80 

ne 

4-94 

3-53 

14-91 

12-50 

11-64 

8-24 

7-98 

1-48 

hi  0-12 

di 

34-34 

10-14 

17-73 

21-99 

22-46 

23-10 

20-61 

19-78 

ol 

23-35 

14-29 

6-93 

14-97 

13-44 

12-23 

12-24 

8-96 

mt 

1-86 

3-79 

6-03 

4-18 

4-64 

5-36 

5-71 

2-97 

il 

4-60 

9-63 

7-90 

9-27 

9-42 

7-20 

9-88 

8-29 

pr 

0-36 

0-88 

1-26 

ap 

1-0 

2-85 

1-68 

1-01 

1-34 

2-22 

z 

0-04 

nc 

0-11 

cc 

0-26 

0-35 

F 

0-39 

hm 

— 

— 

— 

— 

— 

— 

— 
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TABLE  Vc.— CHEMICAL  ANALYSES  EXPRESSED  AS  CATION  PER  CENT 


25 

26 

27 

28 

29 

30 

31 

32 

SiOa 

41-5 

41 

40-7 

39 

39-3 

40-5 

39-6 

39-7 

TiOa 

1-65 

3-5 

2-9 

3-4 

3-5 

2-65 

3-7 

3-15 

JAI2O3 

11-2 

18 

19 

16-3 

16-7 

17 

16 

15-6 

iFe203 

0-9 

1-9 

2-9 

2 

2-2 

2-6 

2-82 

5-7 

FeO  \ 
MnO  / 

6-85 

8-0 

6-8 

7-6 

7-65 

8-35 

9-35 

4-5 

MgO 

20-5 

9 

6-8 

13-2 

12-4 

10-6 

10-18 

12-6 

CaO 

12-6 

9 

9-4 

10-2 

10-6 

11-05 

10-28 

11-5 

a20 

3-6 

6-5 

8-2 

5-9 

5-8 

5-75 

5-8 

4-0 

iKgO 

0-85 

2 

2-55 

2-1 

2-1 

1-60 

1-94 

1-7 

^PaOfi 

0-36 

1 

0-55 

0-3 

0-45 

0-1 

0-4 

0-8 

100-01 

99-9 

99-8 

100-0 

100-7 

100-20 

100-13 

99-25 

TABLE  Vd.— EQUIVALENT  NORMS 


25 

26 

27 

28 

29 

30 

31 

32 

Or 

4-25 

10 

12-75 

10-5 

10-5 

8-0 

9-7 

8-5 

Ab 

8-75 

22 

13-5 

4-75 

6-25 

9-3 

11 

16-5 

An 

19-4 

23-6 

20-6 

20-75 

22 

24-0 

20-75 

24-75 

Ne 

5-55 

6-3 

16-5 

14-85 

13-65 

11-67 

11 

2-1 

Wo 

15-6 

5-2 

8-8 

11-2 

10-9 

12-10 

10-8 

10-42 

En 

12-9 

3-7 

6-4 

9 

9-5 

8-54 

7-6 

10-42 

Fs 

2-7 

1-5 

2-4 

2-2 

1-4 

3-56 

3-2 

— 

Fo 

20-4 

10-8 

5-4 

13-05 

11-475 

9-49 

9-5 

11-1 

Fa 

5-1 

4-35 

1-7 

3-15 

3-525 

3-93 

3-9 

— 

11 

3-3 

7-0 

5-8 

6-8 

7-0 

5-3 

7-4 

6-3 

Mt 

Hm 

1-35 

2-85 

4-35 

3 

3-3 

3-9 

4-23 

4-05 

3-0 

Ap 

1-0 

2-67 

1-5 

0-8 

1-2 

0-27 

1-2 

2-1 

100-27 

99-97 

99-7 

100-05 

100-7 

100-06 

100-18 

99-24 
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TABLE  Ye.— ‘NIGGLI  VALUES’ 


25 

26 

27 

28 

29 

30 

31 

32 

si 

87 

100 

100 

86 

87 

91 

89-1 

89-3 

al 

11-7 

21-6 

23-2 

18 

18 

19 

18 

17-4 

fm 

57-5 

46-2 

40-5 

50 

49-5 

48 

50 

51 

c 

26-4 

21-75 

23-2 

23 

23-5 

25 

23 

25-8 

alk 

4-6 

10-4 

13-2 

9 

9 

8 

8-7 

6-3 

ti 

0-34 

0-86 

0-18 

0-75 

0-8 

0-6 

0-84 

0-73 

k 

019 

0-23 

0-23 

0-26 

0-27 

0-21 

0-25 

0-30 

mg 

0-75 

0-48 

0-41 

0-57 

0-55 

0-48 

0-46 

0-55 

c/fm 

0-46 

0-47 

0-57 

0-46 

0-475 

0-51 

0-46 

0-51 

qz 

-53 

-  75 

-83 

-  77 

-76 

-66 

-74 

-69 

P 

003 

0-01 

0-02 

0-04 

0-05 

— 

0-05 

0-08 

TT 

0-44 

0-35 

0-27 

0-343 

0-345 

0-395 

0-315 

0-47 

y 

0-27 

013 

0-225 

0-194 

0-20 

0-227 

0-196 

0-188 

TABLE  V/.— ‘BASIS’ 


1  25 

26 

27 

28 

29 

30 

31 

32 

t'P 

0-9 

2-5 

1-5 

0-8 

1-1 

tr. 

1-4 

1-84 

Ru 

1-6 

3-55 

2-9 

3-3 

3-45 

2-65 

3-7 

3-16 

Kp 

2-5 

6-45 

7-7 

6-3 

6-35 

4-75 

5-8 

5-2 

Ne 

10-3 

19-7 

24-6 

17-5 

17-4 

17-4 

17-4 

12-0 

Cal 

10 

13-95 

12-0 

12-4 

12-55 

14-5 

12-4 

15-4 

Cs 

15-5 

4-25 

7-2 

8-2 

8-5 

9-3 

8-15 

8-1 

Fo 

30-5 

13-6 

10-2 

19-8 

18-6 

15-4 

15-2 

19-0 

Pa 

10-3 

12-2 

10-3 

11-2 

11-4 

12-4 

14-0 

6-75 

Fs 

1-3 

2-8 

4-3 

3-0 

3-35 

3-9 

4-23 

9-2 

Q 

18-25 

21-5 

20-0 

16-7 

17-3 

19-4 

18-0 

20-2 

Q 

19 

22 

20 

17 

17-5 

19 

18 

20-5 

L 

23 

41 

45 

37 

36-7 

37 

36 

33 

iM 

58 

37 

35 

46 

45-9 

44 

46 

46-5 

isotropic  material  ( ?  glass)  with  birefringent  grains  and  one  bordered  by  more  highly 
birefringent  material.*  These  were  identified  by  Jensen  as:  ‘roimded  and  corroded 
nepheline  phenocrysts  and  patchy  masses  of  cancrinite  after  nepheline’  (op.  cit.  p.  125). 

Basalts  op  Cape  Barne 

One  type  of  basalt  from  Cape  Barne  has  been  mentioned  above  (p.  69).  The  others 
seem  to  group  themselves  into  two  types,  one  with  a  very  dense,  fine-grained  gToundmass; 
the  other  better  crystallized  and,  as  regards  groimdmass  minerals,  more  coarse-grained 
than  any  of  the  lavas  described  with  the  exception  of  some  of  the  kenytes.  They  are  deep 
neutral  grey,  rather  vesicular,  and  show  a  sheen  from  small  feldspar  cleavages  on  broken 
surfaces. 

Debenham  collected  this  type  from  Middle  Dome,  Cape  Barne  [D24R.].  The  texture 

’^Compare  inclusions  in  the  limburgite  from  Fortress  Rocks,  Hut  Point  (p.  78),  and  in  the  basalt 
[D2F]  from  the  Taylor  Valley  on  the  mainland  (p.  89). 
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is  strongly  suggestive  of  a  dike  phase,  rather  than  a  lava  (PI.  6,  Fig.  3).  Jensen  has  given 
descriptions  of  two  rocks  from  Cape  Barne  which  both  seem,  to  the  present  author,  to 
belong  to  the  coarser  grained  type.  One  is  described  under  ‘basalts  poor  in  olivine’ 
[J2  (1912)]  and  is  figured  (Jensen,  op.  cit.  pi.  5,  fig.  3).  It  has  small  insets  of  plagioclase 
and  micro-insets  of  augite  and  plagioclase  as  well  as  olivine  (up  to  0-4  mm.).  Jensen 
estimated  the  olivine  at  2  per  cent. 

There  is  a  tendency  towards  parallel  alinement  of  the  groundmass  feldspars.  The 
texture  is  intergranular  and  the  groundmass  consists  of  the  plagioclase  laths  with  augite 
prisms,  cubes  of  magnetite,  and  interstitial  glass.  There  are  some  rounded  patches  of 
glass  (?)  with  many  blades  of  opaque  ilmenite  (?).  The  plagioclase,  determined  by  Jensen 
as  labradorite,  was  estimated  by  him  at  50  per  cent  of  the  rock,  the  other  constituents 
being :  ‘Faint  brown  augite  and  brown  glass,  40  per  cent.  Magnetite,  7  per  cent.  Olivine, 
2  per  cent.  Apatite  1  per  cent  ’.  The  plagioclase  has  extinction  angles  similar  to  those  of 
the  feldspar  in  J4  (see  below). 

A  similar  rock  is  J24  [  =  1933]  also  described  by  Jensen  (op.  cit.  p.  113).  In  this  he 
found  the  insets  to  be  ‘  basic  labradorite  ’  and  he  described  the  groundmass  as :  ‘  intersertal, 
almost  panidiomorphic  hypocrystalline,  consisting  of  felspar  in  needles,  augite  prisms, 
magnetite  grains  and  apatite  in  stout  rods,  with  a  trace  of  interstitial  glass’. 

The  third  basalt  of  this  type  described  by  Jensen  from  Cape  Barne  is  J6  [  =  1915], 
classified  as  ‘intersertal  augite  andesite’.  In  this  he  found  that  ‘The  phenocrysts  consist 
of  oligoclase,  but  the  smaller  laths  seem  to  be  anorthoclase,  .  .  .’.  The  other  minerals 
were  described  as  ‘idiomorphic  magnetite  grains,  a  few  stray  olivines,  hypidiomorphic 
grains  and  rods  of  brown  titaniferous  augite  and  interstitial  glass’  (op.  cit.  p.  112).  The 
identification  of  the  feldspar  in  this  rock  seems  to  be  an  error.  In  the  duplicate  specimen 
in  the  British  Museum  collection  the  feldspars  are  andesine,  An48,  and,  in  fact,  in  a  very 
similar  rock  [J2],  described  above,  Jensen  himself  identified  the  feldspars  as  labradorite. 
The  groundmass  consists  of  laths  of  plagioclase  with  idiomorphic  magnetites,  small 
augites  and  olivines,  and  colourless  glass  with  hair-like  crystallites. 

The  other  type  with  the  finer  grained,  dense  groundmass  appears  to  provide  a  link 
with  the  olivine-basalts  of  Hut  Point  Peninsula.  Examples  are  described  by  Jensen 
under  ‘basalts  poor  in  olivine’  [J4  and  J20]  and  under  ‘magnetite-basalt’  [J22].  J4  has 
been  analysed  and  the  analysis,  quoted  in  column  26,  Table  Va,  compares  fairly  closely 
with  some  of  the  other  basalts  analysed  by  Prior  except  for  a  remarkably  high  figure  for 
SrO,  1-46  per  cent.  There  is  nothing  in  the  constituent  minerals  to  account  for  this. 

The  rock  [J4]  is  a  fine-grained  olivine-basalt  with  micro-insets  of  olivine,  and  smaller 
ones  of  magnetite,  and  laths  of  plagioclase  in  a  groundmass  of  plagioclase,  augite,  and 
iron  ‘  ore  ’  in  both  cubic  and  platy  forms.  The  texture  is  intergranular.  The  feldspars  in 
the  groundmass  and  the  slightly  larger  laths  are  labradorite.  Symmetrical  extinction 
angles  range  around  26°  but  a  value  as  high  as  39°  was  observed. 

The  rock  [J22  (1931)]  described  by  Jensen  as  ‘magnetite-basalt’  (op.  cit.  p.  117)  has 
a  fine-grained,  dense  groundmass  that  is  almost  opaque  under  low  magnifications. 
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but  otherwise  the  rock  does  not  differ  markedly  from  J20  which  Jensen  described 
with  J4  and  other  ‘basalts  poor  in  olivine’.  Debenham’s  specimen  from  The  Pyramid 
(or  The  Pillar)  [D280]  is  intermediate  in  texture  between  the  two  types  described 
(PI.  6,  Fig.  4). 

All  these  Cape  Barne  lavas  seem  very  closely  related.  As  regards  their  relations 
with  lavas  from  other  localities  in  the  neighbourhood  reference  has  been  made  to  their 
slight  resemblance  to  some  Hut  Point  basalts.  The  only  other  lavas  which  are  probably 
related  to  them  are  some  from  Little  Razorback  and  possibly  also  from  Tent  Island  in  the 
Dellbridge  group. 

The  lavas  from  Little  Razorback  [D33,  34  and  35E]  have  many  small  iusets  and  micro¬ 
insets  of  plagioclase  but  also  some  small  insets  of  augite  as  well  as  micro-insets  of  olivine, 
with  very  small  pyroxenes  and  magnetites  in  a  glassy  base  [D35E],  or  a  very  fine,  opaque 
base  rich  in  magnetite  [D34E].  The  groiindmass  etched  with  HCl  gives  a  solution 
yielding  cubes  of  sodium  chloride  and  one  supposes  potential  nepheline  to  be  present  in 
the  glass.*  The  feldspar  of  the  insets  was  determined  by  Mr.  P.  M.  Game  as  andesine- 
labradorite  near  An52  on  the  basis  of  a  refractive  index  for  a'  of  l-oo6. 

Some  of  the  boulders  collected  at  the  NW.  end  of  Tent  Island  [e.g.  D43E]  also  have 
many  small  insets  f  and  laths  of  plagioclase  and  seem  somewhat  similar  to  the  Cape 
Barne  basalts,  but  these  were  not  found  in  situ. 

Basalts  of  the  Mainland  opposite  Ross  Island 

The  field  occurrence  of  the  basalts  that  were  discovered  at  a  few  localities  on  the 
mainland  opposite  Ross  Island  has  been  briefly  recorded  in  the  opening  chapter  on  the 
distribution  of  volcanic  rocks  in  the  Ross  Archipelago  (p.  18).  Although  these  basalts 
occur  outside  the  geographical  area  of  the  Archipelago  it  seems  highly  desirable  that  they 
should  be  described  here  in  the  same  chapter  as  the  basalts  of  the  Hut  Point  Peninsula 
to  which,  as  will  be  seen,  they  are  closely  related  in  time  and  in  composition. 

The  lavas  collected  from  the  flow  beside  the  Howchin  Glacier  [D3K,  DoK]  and  from 
the  moraine  opposite  Heald  Island  in  the  Koettlitz  Glacier  valley  [D9K]  are  neutral 
grey  olivine-basalt,  with  insets  of  olivine  and  augite.  They  resemble  rather  closely  the 
olivine-basalt  [DlH]  from  Harbour  Heights,  Hut  Point.  Some  of  the  olivine  is  very 
fresh,  bright  green,  and  transparent."  The  insets  of  olivine  and  augite  range  up  to  5  mm. 
across.  There  are  abundant  micro-insets  of  plagioclase  and  the  fine-gTained  gToundmass 
consists  of  minute  laths  of  plagioclase,  prisms  of  augite,  magnetite  and  interstitial  glass. 
Several  of  the  specimens  [DsK]  contain  inclusions  of  white  Beacon  Sandstone  caught  up 
in  the  lava  and  converted  to  slaggy  material  at  the  edges.  A  coarse-gTained,  pinkish 
and  vesicular  inclusion  is  probably  the  result  of  more  complete  digestion  of  the  xenolith. 


*  This  rock  and  D24E  from  Cape  Barne  have  now  been  analysed  (see  p.  99). 

t  Mr.  Game  found  the  feldspar  insets  in  this  rock  to  be  andesine  near  An4o,  basing  this  on  a  very  approxi¬ 
mate  determination  of  a'  as  1  -548. 
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The  lavas  from  the  Cheyenne  Crater  [DSF,  Dl6F]  are  represented  by  several  speci¬ 
mens  of  reddened  scoria,  vesicular  dark  grey  basalts,  and  compact,  dusky  neutral  grey 
basalts  with  insets  of  fresh,  transparent,  green  olivine  and  carrying  inclusions  of  other 
rocks.  One  of  these  inclusions,  about  3  cm.  across,  is  of  dolerite.  It  is  of  the  same  type 
as  the  dolerites  that  form  extensive  sills  in  the  Beacon  Sandstone  Formation.*  They  are 
actually  seen  in  situ  in  the  hill  capped  by  the  basalt  [D2F]  on  the  opposite  side  of  the 
glacier. 

The  lavas  are  similar  to  some  of  those  from  Hut  Point  Peninsula  and  to  those  des¬ 
cribed  above  from  the  Koettlitz  Glacier  valley.  Micro-insets  of  olivine  and  augite,  and 
less  abundant  micro-insets  of  plagioclase,  lie  in  a  fine-grained  groundmass  of  augite,  and 
plagioclase  with  magnetite  and  some  interstitial  colourless  glass  (PI.  6,  Fig.  5).  In  some 
of  the  specimens,  particularly  in  a  black  aphanitic  basalt  [DsF]  with  occasional  small 
white  inclusions,  plagioclase  decreases  in  amount  and  the  rock  approaches  very  closely  to 
a  true  limburgite  as  is  also  the  case  with  some  of  the  basalts  in  the  Hut  Point  Peninsula 
(p.  78). 

The  specimens  from  the  lava-flow  on  the  opposite  side  of  the  glacier,  ‘  Black  Hill  ’  of 
Debenham’s  catalogue,  are  similar  to  the  compact  lavas  from  Cheyenne  Crater.  They  are 
compact,  black,  aphanitic  with  very  few  visible  insets  but  containing  some  small,  irregular, 
white  patches.  These  prove  to  be  included  fragments  of  quartz,  doubtless  derived  from 
the  underlying  sandstones.  Thin  sections  of  the  rocks  reveal  also  minute  fragments  of 
dolerite  similar  to  the  large  inclusions  found  in  the  basalts  at  the  crater.  The  quartz 
xenoliths  have  a  narrow  reaction  rim  of  lower  refractive  index  than  the  quartz  [D2F  (41)]. 

In  another  specimen  from  this  lava-flow  [D2F]  there  are  inclusions  of  opaque  black  % 
fragments,  polygonal  in  outline,  and  all  bordered  by  a  continuous  rim  of  augite  similar  to 
the  augite  which  forms  the  micro-insets  in  this  rock.  These  inclusions  do  not  have  the 
shape  of  hornblende  xenocrysts  but  the  border  of  augite  suggests  that  that  is  what  they 
might  have  been  (see  p.  80). 

In  this  specimen  olivine  micro-insets  are  more  plentiful  than  those  of  augite.  One 
of  the  augites,  light  purplish  vinaceous  in  colour,  has  a  core  of  pale  green  but  is  not  sensibly 
pleochroic.  The  whole  crystal,  cut  approximately  parallel  to  010,  extinguishes  uniformly 
at  50|°  (c:y).  The  groundmass  is  a  well-crystallized  aggregate  of  feldspar,  augite  (laths 
and  prisms),  magnetite,  and  a  small  amount  of  interstitial  isotropic  glass  (PI.  6,  Fig.  6). 
Similar  basalts  were  collected  by  Debenham  on  Hut  Point  Peninsula ;  for  instance,  from 
Harbour  Heights  [253  and  260],  and  Crater  Heights  [226]. 

Ferrar’s  specimen  [718]  from  the  scree-slope  below  Cathedral  Rocks  (see  p.  18) 
compares  fairly  well  with  the  specimens  from  Cheyenne  Crater  and  ‘  Black  Hills  ’  described 
above.  In  thin  section  the  groundmass  appears  less  dark  and  the  olivine  micro-insets 
are  fewer  and  less  well  formed.  The  augite  insets  in  Ferrar’s  specimen  often  have 


*  Smith  (W.  Campbell),  Brit.  Ant.  (Terra  Nova)  Exp.,  1910.  Nat.  Hist.  Rep.,  Geol.  vol.  1,  No.  6, 
1914,  p.  198. 
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included  central  patches  of  groundmass  minerals.  Similar  inclusions  are  seen  in  D16F 
from  Cheyenne  Crater. 

Prior  (op.  cit.  p.  106)  described  the  rock  under  olivine-basalts  but  he:  ‘distinguished 
in  the  ground-mass  small  colourless  patches  of  isotropic  analcite  (?),  and  of  doubly- 
refractive  nepheline  of  which  the  refraction  was  about  the  same  as  that  of  Canada 
balsam  and  he  added :  ‘  This  rock,  which  showed  under  the  microscope  small  phenocrysts 
of  pale-purple  augite  and  rounded  olivines  in  a  ground-mass  of  felspar-laths,  augite  and 
magnetite,  has  a  much  closer  relationship  to  the  recent  basalts  of  the  Ross  Archipelago 
than  to  the  dolerites  of  the  Ferrar  Glacier’. 

Specimens  from  both  the  localities  in  the  Ferrar  Glacier  region,  Cheyenne  Crater  and 
‘  Black  Hill  ’  were  analysed  in  the  Department  of  Mineralogy,  British  Museum  (Natural 
History)  by  Mr.  N.  E.  Butcher  and  Mr.  D.  I.  Bothwell.  Their  results  are  given  in  columns 
30  and  31 ,  Table  Va.  They  confirm  the  close  resemblance  between  these  basalts  from  the 
mainland  and  some  of  those  from  Hut  Point  Peninsula  on  Ross  Island. 

Thus,  in  the  Q-L-M  diagram  (Fig.  6),  their  points  fall  very  near  those  for  the  Hut 
Point  basalts  analysed  by  Prior  [656  and  326],  and  the  values  for  Tc  and  for  y  are  the 
same  for  Prior’s  two  analyses  and  for  D2F  and  they  are  not  very  different  for  DsF. 


V.  SUMMARY  AND  CONCLUDING  REMARKS 

This  account  of  the  volcanic  rocks  of  the  Ross  Archipelago  has  been  compiled  from 
the  notes  provided  with  the  specimens,  from  the  field  catalogues,  and  from  the  published 
accounts  of  the  physiography  of  the  region  by  Professor  Frank  Debenham  and  by  other 
members  of  the  Expedition. 

The  rocks  have  been  described  under  three  main  headings ;  phonolitic  trachytes  and 
trachytoid  phonolites;  kenytes;  and  basalts. 

The  first  group  includes  a  phonolitic  trachyte  restricted,  so  far  as  is  knovui,  to  Moimt 
Cis,  a  small  cone  on  the  lower  slopes  of  Mount  Erebus;  and  two  t}^es  of  trach}i:oid 
phonolite :  one  found  in  the  region  of  Hut  Point  Peninsula,  and  also  at  Cape  Bird ;  the 
other,  found  at  Mount  Terror,  also  at  Cape  Bird,  Inaccessible  Island,  the  Dellbridge 
Islands,  and,  a  related  type,  at  Abbott’s  Peak  on  Moimt  Erebus. 

The  kenytes,  a  peculiar  type  of  anorthoclase-phonolite,  described  originally  from 
Mount  Kenya  in  East  Africa,  are  the  dominant  recent  lavas  of  Mount  Erebus  and  are 
almost  entirely  restricted  to  the  neighbourhood  of  that  volcano. 

Several  types  of  basalt  are  described  all  carrying  olivine,  though  it  is  less  abundant 
in  some  types  than  in  others.  Nepheline  is  not  actually  identified  but  microchemical 
tests  indicate  that  it  is  a  potential  mineral  of  the  groundmass  of  all  the  basalts  exanfined. 

On  the  question  of  the  relative  ages  of  the  different  kinds  of  lava  it  seems  almost 
certain  that  at  Hut  Point  and  on  the  mainland  opposite  Ross  Island  the  fine-grained 
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olivine-basalts  are  the  most  recent  lavas  and  the  trachytoid  phonolites  are  older.  The 
same  applies  to  the  relative  ages  of  basalts  and  trachytoid  phonolites  in  the  Dellbridge 
Islands,  where  basalts  lie  above  the  trachytic  lavas.  On  the  other  hand,  at  Mount 
Erebus  it  is  the  kenytes  that  form  the  latest  flows,  while  the  porphyritic  basalts  and  the 
phonolitic  trachyte  of  Mount  Cis  are  older. 

At  Cape  Barne  there  is  some  uncertainty  as  to  the  relative  ages  of  the  kenytes  and 
the  Cape  Barne  basalts  (see  p.  9).  The  petrography  throws  little  light  on  this 
problem,  but  more  evidence  could  probably  be  obtained  if  chemical  analyses  were  made 
of  the  basalts  at  Cape  Barne  and  of  the  somewhat  similar  basalts  of  the  two  Razorback 
islands  and  Tent  Island,  and  of  the  trachytoid  phonolites  of  those  islands.  It  seems 
likely  from  Debenham’s  observations  that  the  trachytoid  phonolite-basalt  lavas  of  the 
Razorbacks  are  derived  from  an  older  centre  of  eruption  than  the  recent  craters  of 
Mount  Erebus,  and  that  these  lavas  of  the  Razorback  islands  are  earlier  than  most  of 
the  Mount  Erebus  flows.  If  the  Cape  Barne  basalts  are  as  closely  related  in  time  to  the 
basalts  of  the  Little  Razorback  as  they  appear  to  be  petrographically  it  seems  likely  that 
those  also  are  earlier  than  most  of  the  flows  on  Mount  Erebus.  This  would  be  in  agree¬ 
ment  with  Debenham’s  interpretation  of  the  held  evidence. 

Much  more  detailed  Avork  remains  to  be  done  on  all  these  rocks.  Indeed  the  author 
feels  that  he  has  accomplished  little  more  than  a  rather  superficial  description  and  a  rough 
classification  of  the  volcanic  rocks  collected  by  the  Expedition.  The  treatment  of  the 
basalts  is  particularly  unsatisfactory  but,  without  more  chemical  analyses,  not  much  more 
can  be  done  with  these  rocks  in  Avhich  one  can  only  guess  at  the  composition  of  the 
groundmass  even  Avhen  that  is  not  wholly  glassy.  The  microchemical  tests  employed 
have  served  only  to  indicate  the  presence,  or  potential  presence,  of  feldspathoids.  The 
tests  gave  positive  reactions  for  feldspathoids  in  nearly  every  case. 

When  one  seeks  to  find  Avhether  the  volcanic  rocks  are  members  of  one  or  more  differen¬ 
tiation  series  one  finds  that  the  chemical  analyses  available  are  too  feAv  to  warrant  very 
definite  deductions  from  difierentiation  diagrams  and  other  recognized  methods  of  plot¬ 
ting  analyses.  A  particularly  serious  weakness  in  the  series  is  the  lack  of  any  analyses  of 
the  basalts  of  Mount  Erebus  Avith  the  abundant  tabular  insets  of  plagioclase  (pp.  68-70). 
However,  in  spite  of  these  disadvantages,  some  diagrams  have  been  prepared  and  cer¬ 
tain  observations  may  be  made. 

‘Niggli  values’  plotted  against  si  provide  a  differentiation  diagram  (Fig.  5)  that  can 
be  compared  Avith  similar  diagrams  plotted  for  instance  by  C.  Burri  and  P.  Niggli  for 
certain  Atlantic,  Pacific,  and  Mediterranean  series  of  rocks.  Even  the  few  analyses 
available  of  South  Victoria  Land  volcanic  rocks  shoAV  rather  Avide  scatter  and  little 
tendency  to  fall  closely  on  a  smooth  curve,  but  the  olivine-basalts  of  the  Hut  Point 
Peninsula  and  of  the  Ferrar  Glacier  region  [Nos.  28,  29,  30  and  31]*  make  a  compact 


*  The  numbers  in  brackets  here  refer  to  the  numbers  in  the  list  of  analyses  plotted  in  the  diagrams 

(p.  100). 
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enough  group.  If  one  begins  by  connecting  up  this  group  of  the  olivine-basalts,  vuth  si 
around  88,  to  the  other  analyses  made  in  the  Department  of  Mineralogy  by  Prior  and 
others,  it  will  be  seen  at  once  that  there  is  a  sudden  change  of  trend  for  all  four  values, 


Fig.  5. — Differentiation  diagram :  ‘  Niggli  values  ’  al,  fm,  c,  alk  plotted  against  si. 

al,  fm,  c,  and  alk,  between  Prior’s  phonolitic  trachyte  from  Brown  Island  at  si  =  200,  and 
the  Mount  Cis  ‘trachyte’  [1]  at  st  =  203.  Further,  it  seems  that  the  kenytes  [13  and  16] 
and  the  kenyf  e-pumice  [17]  give  values  which  do  not  lie  on  (or  even  very  near)  the  lines 
joining  values  for  the  Observation  HUl  type  of  trachytoid  phonolite  at  st  =  199  [6]  and 
the  Mount  Terror  type  at  si  =  193  [3],  At  least  this  is  true  for/m  and  c,  which  are  high. 
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and  for  alk,  which  is  low ;  the  al  values  are  very  close  to  the  line  for  the  trachytoid  phono- 
lites.  In  view  of  these  divergences  it  is  tempting  to  suggest  that  the  lavas  of  Mount 
Erebus  itself  do  not  fall  quite  into  the  same  differentiation  series  as  the  Hut  Point 
Peninsula-Cape  Bird  lavas,  but  it  is  just  here  that  one  needs  analyses  of  the  Mount 
Erebus  basalts  to  see  if  they  also  depart  from  the  Hut  Point  Peninsula  types  in  composi¬ 
tion.  Until  these  analyses,  at  least,  are  available  one  cannot  tell  whether  any  value 
should  be  attached  to  this  suggestion  that  there  are  two  slightly  differing  series.  In 
this  connection  one  may  note  that  at  the  basic  end  of  the  diagram,  the  undescribed 
hmburgite  from  Mount  Erebus  [J68](No.  25)  (p.  78)]  gives  figures  for  al,  fm,  and  alk 
all  far  removed  from  corresponding  values  for  the  Hut  Point  basalts  of  almost  the  same 
si  value. 

As  regards  the  other  analyses,  the  values  for  the  kulaitic  basalt  from  Cape  Bird  [22] 
are  very  low  for  alk  and  very  high  for  al. 

The  Q-L-M  diagram  (Fig.  6)  shows  the  same  general  lining  up  of  the  olivine-basalts 
of  Hut  Point  and  Ferrar  Glacier,  the  hornblende-basalt  of  Mount  Terror  [24],  and  the 
trachytoid  phonolites  of  Observation  Hill  and  Mount  Terror  types  [6  and  3];  and  the 
same  departure  from  this  line-up  of  the  Mount  Cis  ‘trachyte’  [1  and  2]  at  one  end,  and 
the  Mount  Erebus  lunburgite  [25]  at  the  other,  and  much  smaller  divergence  of  the 
leucite-kenyte  [16]  and  the  kenyte-pumice  [17]. 

The  analyses  have  also  been  plotted  in  the  7T-k  and  y-mg  triangular  diagrams  used 
by  Burri  and  Niggli  (Figs.  7  and  8).  77  is  the  ratio  of  calcium  aluminate  (Cal)  of  the 
equivalent  norm  to  the  sum  of  Ne  +  Kp  +  Cal;  and  k  is  the  ratio  of  K2O  to  total  K2O  + 
Na2  0  in  the  salic  minerals.  Similarly,  y  is  the  ratio  of  calcium  orthosilicate  of  the  equiva¬ 
lent  norm  (Cs)  to  total  Ca,  Mg,  and  Fe  combined  with  silica  in  the  ‘basis’  components 
Cs,  Fo,  Fa,  and  Fs  (Fe2Si05);  and  mg  gives  the  ratio  of  MgO  to  total  FeO,  MnO,  and 
MgO.  In  effect  the  -n-k  triangle  shows  how  the  Na,  K,  and  Ca  are  distributed  in  the  salic 
minerals  (feldspars  and  feldspathoids)  and  the  y^mg  triangle  shows  the  distribution  of 
the  Fe,  Ca,  and  Mg  in  the  M-components  {Cs,  Fo,  Fa,  and  Fs). 

Comparison  of  these  diagrams  and  of  the  Q-L-M  diagram  with  the  corresponding 
diagrams  published  by  Burri  and  Niggli*  show  a  general  similarity  with  the  plots  for 
the  rocks  of  the  Tristan  da  Cunha  group  taken  as  representative  of  an  assemblage  of 
Atlantic  type. 

The  kenyte  divergences  may  not  be  wide  enough  to  be  important  but  the  Mount 
Cis  ‘  trachyte  ’  presents  such  sudden  changes  in  all  four  quantities,  al,  alk,  fm,  and  c, 
that  they  must  be  significant.  The  cause  for  these  unusual  values  is  possibly  to  be  found 
in  the  great  number  of  inclusions  of  Beacon  Sandstone  which  the  lava  has  only  partly 
digested  (p.  25).  At  the  basalt  end  of  the  series,  the  olivine-basalts  of  the  Cheyenne 
Crater  in  the  Ferrar  Glacier  region  are  also  full  of  inclusions  of  Beacon  Sandstone,  but 
these  do  not  appear  to  have  been  so  much  altered  and  assimilated  as  in  the  Mount  Cis 

*  Burri  (Conrad)  and  Niggli  (Paul),  Die  jungeii  Eruptivgesteine  des  mediterranen  Orogens.  Erster 
Haupteil;  Zurich,  1945,  p.  78  and  particularly  figs.  24,  27,  and  30. 
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Fig.  6.  Q-L-M  diagram  on  which  the  chemical  analyses  of  the  volcanic  rocks  of  the  Ross 

Archipelago  are  plotted. 

‘trachyte’.  The  fact  that  there  is  no  important  difference  in  composition  between  the 
basalts  of  Hut  Point  Peninsula  and  those  of  the  Ferrar  Glacier  Region  would  seem  to 
confirm  this.* 

*  At  Sulphur  Cones  and  other  centres  on  the  Hut  Point  Peninsula  inclusions  are  also  abundant  but 
these  are  olivine-nodules  and  the  feldspathic  (plagioclase)  nodules  described  in  detail  by  Prior  (op.  cit.  1907, 
p.  105-109)  and  by  J.  Allan  Thomson  (op.  cit.  1916,  pp.  131-4),  and  they  are  believed  by  those  authors  to 
be  connected  genetically  with  the  rocks  in  which  they  occur. 
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The  kenytes  are  to  all  intents  and  purposes  restricted  to  the  Mount  Erebus  centre. 
There  is  no  evidence  as  to  their  relation  to  the  porphyritic  basalts  of  Mount  Erebus, 
except  that  they  appear  to  be  the  latest  ejectamenta  of  the  volcano,  whereas  the  basalts 
at  this  centre  are  evidently  older  lavas. 

At  present,  no  clue  to  the  problem  of  the  kenytes  has  emerged  from  the  study  of  this 
collection.  It  might  be  expected  that  careful  study  and  comparison  of  the  kenytes  of 


Fig.  7.  tt-1c  diagram  showing  the  distribution  of  Na,  K,  and  Ca  in  the  salic  minerals  of  the  equivalent 


norms. 
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Mount  Erebus,  of  Mount  Kenya,  and  of  Kilimanjaro,  and  of  the  conditions  under  which 
the  kenytes  are  extruded  at  these  three  centres,  might  reveal  some  conditions  common  to 
all  three  and  so  lead  to  a  solution  of  the  problem  of  the  origin  of  the  kenytes.  The  lavas 
of  Kilimanjaro  have  recently  been  studied  in  the  field  by  members  of  the  Geological 
Survey  of  Tanganyika  Territory  and  by  members  of  an  expedition  from  the  University  of 
Sheffield  and  when  this  work  is  completed  much  needed  new  information  about  Kiliman- 


Fig.  8.  y-^ng  diagram  showing  the  distribution  of  Fe,  Ca,  and  Mg  in  the  femic  minerals  of  the  equivalent 


Co  (Os') 
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jaro  will  be  available.  Our  knowledge  of  tbe  higher  parts  of  Mount  Kenya  is  rather 
limited  but  it  is  known  that  parts  of  the  kenyte  lavas  have  a  wholly  glassy  base,  though 
this  is  not  pumiceous  as  it  is  at  Mount  Erebus.  At  Kenya  too  anorthoclase  crystals 
have  been  thrown  out  by  the  volcano  in  great  numbers,  so  that  they  form  what  appear 
to  be  beds  of  some  extent.  Mixed  with  the  crystals  are  fragments  of  compact,  black 
glass.* 

The  anorthoclase  crystals  are  peculiar  in  composition  and  in  habit  (p.  43).  They 
have  frequently  been  likened  to  the  feldspar  insets  in  the  rhomb-porphyries  of  the  Oslo 
region  which  have  been  quite  recently  studied  very  thoroughly  by  C.  Oftedahl,  who  has 
given  a  fairly  complete  picture  of  the  probable  history  of  the  formation  and  extrusion  of 
these  rocks,  f  Some  light  on  the  kenyte  problem  might  have  been  expected  from  this 
direction,  but  it  has  now  been  shown  that  the  anorthoclase  of  the  kenytes  is  not  similar 
in  composition  to  the  feldspar  of  the  rhomb-porphyries,  and  also  that  neither  in  composi¬ 
tion  nor  in  their  mode  of  extrusion  do  the  rhomb-porphyries  resemble  the  kenytes  of 
Mount  Kenya  and  of  Ross  Island.  There  is  as  yet  no  clue  to  the  problem  of  why  the 
insets  in  the  kenytes  and  in  the  rhomb-porphyries  attained  their  peculiar  ‘rhombic 
shape’. 

A  few  other  points  of  mineralogical  interest  are  perhaps  worth  mentioning  as  they 
may  correct  some  probably  erroneous  records  of  rather  rare  or  unusual  rock -forming 
minerals. 

The  yellow  mineral  in  the  trachytoid  phonolite  of  Observation  Hill  described  by 
Prior  (p.  33)  is  probably  not  epidote  as  he  thought  but  a  pyroxene  owing  its  yellow 
colour  to  some  alteration.  It  may  be  similar  to  the  pyroxene,  near  acmite,  described 
by  the  present  author  in  some  of  the  inclusions  in  the  kenytes  (p.  51).  The  wohlerite 
recorded  by  H.  I.  Jensen  in  a  ‘leucite  tephrite’  (p.  54)  is  probably  the  same  mineral. 
Jensen  was  probably  influenced  in  identifying  the  mineral  as  wbhlerite  because  of  the 
record  of  wohlerite  in  an  erratic  (sodalite-syenite)  from  Cape  Royds  (see  footnote  p.  54). 

Haiiyne  is  here  described  from  several  inclusions  in  kenytes.  This  seems  to  be  the 
first  record  of  this  mineral  from  South  Victoria  Land.J 

On  the  other  hand  the  leucites  described  by  Prior  in  one  of  the  kenytes  from  Cape 
Royds  and  in  the  glassy  hornblende-trachyte  of  Observation  Hill  are  regarded  as  doubt¬ 
ful,  though  several  other  finds  of  icositetrahedral  crystals  in  the  glassy  groundmass  of 
some  other  kenytes  have  been  made  (p.  58).  It  seems  most  likely  that  the  rocks  des¬ 
cribed  as  ‘leucite  tephrite’  and  ‘ leucitoph3n:e ’  were  incorrectly  named  and  should  not 
be  recorded  as  occurring  in  South  Victoria  Land.  The  true  nature  of  the  supposed 
leucites  remains  unknown. 


*  Smith  (W.  Campbell),  Brit.  Mus.  (Nat.  Hist.),  Bulletin,  Mineralogy,  vol.  I,  no.  I,  1952. 
t  Oftedahl  (C.),  Studies  on  the  igneous  rock  complex  of  the  Oslo  region.  XII.  The  lavas.  Skrift. 
Norske  Vidensk.  Akad.,  1.  Mat.-Nat.  Kl.,  1952,  No.  3. 

f  Stewart  (Duncan,  Jr.),  On  the  mineralogy  of  Antarctica.  Amer.  Min.,  1951,  vol.  36,  p.  363. 
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Additional  note 

Since  the  manuscript  of  this  report  was  sent  to  the  printers  Mr.  Bothwell  has  com¬ 
pleted  analyses  of  a  basalt  from  Middle  Dome,  Cape  Barne  [D24R]  and  of  a  similar  rock 
from  the  summit  of  Little  Razorback  Island  [DSoE].  The  results  are  given  in  Table  Via 
below  with  the  norms,  etc.,  to  correspond  with  the  other  tables,  I-V.  Except  for  higher 
Si02  and  lower  CaO  in  D35E  the  two  analyses  are  very  similar,  as  was  expected.  The 
figures  for  P2O5  are  unusually  high  and  Ti02  also  is  high.  In  the  C.I.P.W.  classification 
they  fall  in  the  same  sub-rang  as  Prior’s  hornblende-basalt  from  Mount  Terror  and 
Jensen’s  ‘  Basic  kenyte’  from  Turk’s  Head.  In  the  differentiation  diagram  (Fig.  5)  they 
would  occupy  a  position  between  these  (Nos.  23  and  24)  and  the  basalt  from  Cape  Barne 
analysed  for  Jensen  (No.  26)  and  the  hornblende-basalt  from  Hut  Point  Peninsula 
(No.  27).  By  themselves  they  throw  no  new  light  on  the  difierentiation  series.  The 
normative  plagioclase  in  both  appears  very  high  jn  ab.  This  may  be  partly  the  effect 
of  the  high  P2O5  values,  which,  requiring  much  CaO,  has  the  effect  of  lowering  the  di  and 
an  and  also  the  ne  and  raising  thereby  the  ab.  In  most  of  the  basalts  in  the  same  sub¬ 
rang  in  Washington’s  Tables  the  ab  +an  makes  from  45  to  50  per  cent  with  ab :  an  varying 
around  1:1,  and  that  is  about  the  composition  of  the  plagioclase  in  the  modes  of  these 
two  analysed  rocks  and  the  associated  Cape  Barne  basalts  (see  p.  88).  More  detailed 
work  must  now  be  done  on  the  mineral  composition  of  these  analysed  rocks  to  make  their 
classification  more  precise.  With  the  plagioclase  basic  andesine  about  Aiqv  and  Aiqs? 
and  with  femic  minerals  in  the  norm  less  than  40  per  cent,  these  rocks  might  be  classified 
as  andesites  but  for  their  potential  nepheline  and  their  olivine.  According  to  their  sub¬ 
rang  they  fall  in  Lacroix’s  classification,  like  the  hornblende-basalt  of  Mount  Terror  and 
perhaps  some  of  the  Mount  Erebus  basalts,  in  his  gToup  of  ‘  tephritoides  ’  for  which  there 
is  at  present  no  English  equivalent. 
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TABLE  VI.— CHEMICAL  ANALYSES,  NORMS,  ETC.  OF  LAVAS  FROM  CAPE  BARNE 

AND  LITTLE  RAZORBACK  ISLAND 


24a.  Basalt.  II  .6"."3.4. 

Summit  of  Little  Razorback  Island.  D.  I.  Bothwell,  anal.  D35E. 
26a.  Basalt.  II(III).(5)6."3.4. 

Middle  Dome,  Cape  Barne.  D.  I.  Bothwell,  anal.  D24R. 


TABLE  Via 

CHEMICAL  ANALYSES 


24a 

26a 

SiO, 

46-98 

45-26 

TiO^ 

2-94 

3-09 

AI2O3 

16-75 

16-93 

FejOg 

2-80 

2-85 

FeO 

8-18 

8-79 

MnO 

0-29 

0-29 

MgO 

3-99 

3-98 

CaO 

8-41 

9-32 

NagO 

4-81 

4-58 

K2O 

1-97 

2-04 

H2O+ 

1-28 

0-77 

H2O- 

0-31 

0-20 

P2O5 

1-48 

1-66 

ZrOj 

tr. 

tr. 

SrO 

tr. 

tr. 

BaO 

0-04 

0-05 

100-23 

99-81 

TABLE  Vic 
CATION  PER  CENT 


24a 

26a 

SiO^ 

44-3 

42-5 

TiO^ 

2-1 

2-2 

^AljOg 

18-8 

18-8 

^FCgOg 

2-04 

2-0 

FeO 

6-42 

6-9 

MnO 

0-22 

0-2 

MgO 

5-63 

5-6 

CaO 

8-46 

9-4 

i’NajO 

8-7 

8-3 

iK^O 

2-37 

2-4 

1-24 

1-3 

100-24 

99-6 

TABLE  VI& 
C.I.P.W.  NORMS 


24a 

26a 

or 

11-68 

11-9 

ab 

29-34 

23-06 

an 

18-90 

19-8 

ne 

5-96 

8-52 

di 

10-52 

13-05 

ol 

9-63 

9-17 

mt 

4-18 

4-18 

il 

5-62 

5-93 

ap 

3-7 

3-90 

TABLE  VId 
EQUIVALENT  NORMS 


24a 

26a 

Or 

12-0 

12 

Ab 

31-0 

23-25 

An 

19-25 

20-25 

Ne 

7-5 

10-95 

Wo 

5-0 

6-4 

En 

3-0 

3-8 

Fs 

2-0 

2-6 

Fo 

6-1 

5-6 

Fa 

3-9 

3-9 

11 

4-2 

4-4 

Mt 

3-0 

3-0 

Ap 

3-4 

3-5 

100-35 

99-65 

TABLE  Vie 
‘NIGGLI  VALUES' 


24a 

26a 

si 

118 

110 

al 

24 

24 

fm 

38 

38 

c 

22-5 

24 

alk 

14-5 

14 

ti 

0-55 

0-56 

k 

0-21 

0-22 

mg 

0-39 

0-385 

c/fm 

0-59 

0-63 

qz 

-68-5 

-76 

P 

1-65 

1-7 

7T 

0-26 

0-27 

y 

0-17 

0-186 

TABLE  VI/. 
‘BASIS’ 


24a 

26a 

Cp 

3-1 

3-3 

Ru 

2-1 

2-2 

Kp 

7-1 

7-1 

Ne 

26-0 

25-0 

Cal 

11-6 

12-0 

Cs 

4-1 

5-0 

Fo 

8-5 

8-5 

Fa 

10-0 

10-5 

Fs 

3-05 

3-0 

Q 

24-7 

24-0 

Q 

26 

25-25 

L 

47 

46-5 

M 

27 

28-25 
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LIST  OF  ANALYSES  PLOTTED  IN  THE  DIAGRAMS 

1.  Phonolitic  trachyte,  Mount  Cis,  Mount  Erebus.  D.  I.  Bothwell,  anal.  B.M.  1911,  135,  13. 

2.  Phonolitic  trachyte.  Mount  Cis,  Mount  Erebus.  Hogarth,  anal.  J13. 

3.  Trachytoid  phonolite.  Cape  Crozier,  Mount  Terror.  G.  T.  Prior,  anal.  B.M.  87171,  188. 

4.  ‘Phonolitic  trachyte’  (Prior),  Scott  Island.  G.  T.  Prior,  anal.  B.M.  87171,  973. 

5.  ‘Phonolitic  trachyte’ (Prior),  Brown  Island.  G.  T.  Prior,  anal.  B.M.  87171,  607. 

6.  Trachytoid  phonolite.  Observation  Hill.  G.  T.  Prior,  anal.  B.M.  87171,  277. 

7.  Trachytoid  phonolite.  Cape  Bird.  Burrows  and  Walkom,  anal.  J18. 

13.  Kenyte,  Deviation  Hill,  Cape  Evans.  D.  I.  Bothwell,  anal.  D70E. 

14.  Vitrophyric  Kenyte,  Cape  Evans.  Hogarth,  anal.  J25. 

15.  Kenyte,  Cape  Evans,  Ross  I.  Hogarth,  anal.  J5. 

16.  ‘  Leucite-kenyte  ’  (Prior),  Cape  Royds.  G.  T.  Prior,  anal.  818. 

17.  Kenyte-pumice,  Mount  Erebus.  J.  D.  Easton,  anal.  B.M.  1953,  86  (6). 

18.  Pumice,  Mount  Erebus.  Burrows  and  Walkom,  anal. 

19.  Kenyte,  central  core  of  Mount  Kenya.  G.  T.  Prior,  anal.  G499. 

20.  Kenyte,  lava-flow  from  summit  of  Mount  Hohnel,  Moimt  Kenya.  G.  T.  Prior,  anal.  G462. 

21.  Phonolite-obsidian  (Kenyte-glass).  Campi  Sheitani  (13,000  feet).  Mount  Kenya.  M.  H.  Hey,  anal. 

B.M.  1948,  195. 

22.  ‘Kulaitic  Basalt’ (Jensen),  Cape  Bird.  Burrows  and  Walkom,  anal.  P325(648). 

23.  ‘Basic  kenyte,  Plagioclase  Kenyte’,  Turk’s  Head.  Hogarth,  anal.  Jll(1920). 

24.  Hornblende-basalt,  foot  of  Mount  Terror.  G.  T.  Prior,  anal.  B.M.  85752(93). 

25.  ‘Limburgite’,  Mount  Erebus.  Burrows  and  Walkom,  anal.  J68. 

26.  Basalt  poor  in  olivine,  Cape  Barne.  Hogarth,  anal.  J4(1914). 

27.  Hornblende-basalt,  Sulphur  Cones,  Hut  Point  Peninsula.  G.  T.  Prior,  anal.  B.M.  87171(385). 

28.  Olivine-basalt,  The  Gap,  Hut  Point  Peninsula.  G.  T.  Prior,  anal.  B.M.  87171(826). 

29.  Olivine-basalt,  Ridge  Road,  Winter  Quarters,  Hut  Point  Peninsula.  G.  T.  Prior,  anal.  B.M.  87171, 

(326). 

30.  Olivine-basalt,  Cheyenne  Crater,  Ferrar  Glacier  region.  N.  E.  Butcher  and  D.  I.  Bothwell,  anal.  D8F. 

31.  Olivine-basalt,  lava-flow,  ‘Black  Hill’,  Taylor  Valley,  Ferrar  Glacier  region,  D.  I.  Bothwell,  anal.  D2F. 

32.  ‘Leucite  Tephrite’,  Top  of  Crater  Hill,  Hut  Point  Peninsula.  Hogarth,  anal.  J31. 


INDEX  OF  SPECIMENS  MENTIONED  BY  NUMBER  IN  THE  REPORT 
ON  THE  VOLCANIC  ROCKS  OF  ROSS  ISLAND.  ETC. 


Mount  Erebus  region 


DIO 

D20 


Olivine-basalt  with  insets  of  plagioclase  in 
star-shaped  groups 

>> 


D30 


D40  Olivine-basalt  with  tabular  insets  of 
plagioclase  in  star-shaped  groups 
D50  “Kenyte” 


Page 

Moraine  at  top  of  Crater  Glacier,  Mount 
Erebus.  5,  68,  69 

Moraine  at  top  of  Crater  Glacier,  Mount 
Erebus.  5,  68,  69 

Moraine  at  top  of  Crater  Glacier,  Mount 
Erebus.  68,  69 

Moraine  at  top  of  Crater  Glacier. 

69 

Ridge  above  Station  E,  [Point  7650].  4 


THE  VOLCANIC  ROCKS  OF  THE  ROSS  ARCHIPELAGO 


101 


Page 


D70 

Kenyte 

Ridge  above  Station  E  [Point  7650].  4,  50 

D80 

Kenyte 

Station  F. 

D90 

Trachytoid  phonolite  (Mount  Terror  type) 

Associated  with  the  trachyte 

[D190]  on 

Abbott’s  Peak  (Demetri  Peak). 

6,  29 

DlOO 

Kenyte,  and  basalt  with  insets  of  plagio- 
clase 

Moraine  at  toj)  of  Crater  Glacier. 

57,  58,  69 

DUO 

Kenyte 

Station  E  [Point  7650]. 

5 

D120 

Kenyte 

Ridge  above  Station  E. 

5 

D130 

Kenyte 

Station  E. 

5 

DUO 

Basalt  poor  in  olivine 

Station  C. 

D150 

Kenyte 

Ridge  running  down  to  The  Fang. 

D160 

Kenyte,  and  basalt  with  insets  of  plagio- 
clase 

Moraine  at  top  of  Crater  Glacier. 

5,  56,  57,  69,  70 

D170 

Kenyte 

Station  F. 

D180 

Porphyritic  basalt  with  brown  hornblende 

Base  of  Abbott’s  Peak. 

6,  80 

D190 

Trachytoid  phonolite 

Bedded  near  summit  of  Abbott’s 

Peak.  6,  29, 

PI.  3,  Fig.  5 

D200 

Basalt  with  insets  of  plagioclase  in  star¬ 
shaped  groups ;  also  basalt  with  insets  of 
plagioclase,  augite,  and  olivine 

Boulders,  Lower  Fang. 

5,  12,  70,  71,  73 

D220 

Kenyte 

Hooper’s  Shoulder. 

4,  57,  PI.  4,  Fig.  5 

D240 

Basalt  with  insets  of  plagioclase  in  star¬ 
shaped  groups 

Moraine  below  Old  Fang. 

5,  69 

D250 

Tuff 

Cone  G. 

6 

D260 

Kenyte 

Base  of  cliff  on  west  side  of  Deep  Lake,  Cape 

Barne. 

7,  57,  PL  4,  Fig.  4 

D270 

Tuff 

Cone  H. 

6 

D280 

Basalt  poor  in  olivine 

Pyramid,  west  side  scree.  Cape  Barne. 

9,  88,  PI.  6,  Fig.  4 

D290 

Porphyritic  basalt  with  brown  hornblende 

Loose,  red  weathered  on  summit  of  Abbott’s 

Peak. 

6,  80 

Cape  Royds  region 

DIR 

Kenyte 

Flow,  50  yards  W.  of  High  Peak.  7 

D2R 

Basalt 

Erratic  near  Point  E. 

D3R 

Kenyfe 

Valley  above  Blacksand  Beach.  7,  57,  58, 

PI.  5,  Figs.  3  and  4 

D6R 

Kenyte 

Point  A.  7,  49,  56,  PI.  4,  Fig.  2 

D7R 

Tulf  with  glassy  basalt  lapilli 

Erratic,  above  Backdoor  Bay.  12 

D9R 

Kenyte 

Point  beyond  Horseshoe  Bay.  7,  56 

DIOR 

Ken3rte 

Point  beyond  Horseshoe  Bay.  7,  56 

DllR 

Basalt 

Erratic,  above  Backdoor  Bay. 

D12R 

Kenyte 

Point  D.  7 

D13R 

Kenyte 

Point  B.  7 

D14R 

Kenyte 

Base  of  cliff  above  Blacksand  Beach.  7 

D15R 

Kenyte 

Point  A.  7,  49,  56 

D16R 

Kenyte 

Point  E.  7,  56 

D18R 

Phonolitic  trachyte,  etc. 

Miscellaneous  erratics  (volcanic).  7 

D19R 

Phonolitic  trachyte 

Mount  Cis.  26 

D20R 

Tuff 

Tuff  cone  H.  6 

D21R 

Kenyte 

Cliff  face  in  Deep  Lake  valley ;  the  lower  of  the 
two  kenyte  flows.  7 
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D23R  Tuff 
D24R  Basalt 

D26R  Kenyte 


Page 

Cone  G.  6 

Middle  Dome,  Cape  Barne.  9,  86,  88,  98,  anal  p.  99, 

PI.  6,  Fig.  3 

Erratic  near  Cape  Barne.  50 


Cape  Evans  eegion 

(including  Tent  Island,  and  the  Razorback  Islands) 


DIE 

Kenyte 

D5E 

Kenyte 

D8E 

Kenyte 

DUE 

Kenyte 

D12E 

Inclusions  (?)  in  Kenyte 

D17E 

Inclusion  in  ‘  kenyte  ’ 

D18E 

Basalt 

D19E 

‘Basalt’  in  typical  kenyte 

D21E 

Trachyte 

D24E 

Trachytoid  phonolite  (Mount  Terror  type) 

D26E 

Kenyte 

D27E 

Kenyte 

D28E 

Trachytoid  phonolite  (Mount  Terror  type) 

D29E 

Trachytoid  phonolite  (Mount  Terror  type) 

D30E 

Trachytoid  phonolite  (Mount  Terror  type) 

D31E 

Trachytoid  phonolite  (Mount  Terror  type) 

D32E 

Trachytoid  phonolite  (Mount  Terror  type) 

D33E 

Basalt 

D34E 

Basalt 

D35E 

Basalt  poor  in  olivine 

D37E 

Tuff 

D38E 

Tuff  with  lapilli  of  basalt 

D39E 

Basalt  with  insets  of  plagioclase,  olivine, 
and  augite 

D42E 

Basalt 

D43E 

Basalt 

D44E 

Basalt 

D45E 

Basalt 

D46E 

Basalt  with  insets  of  plagioclase,  olivine, 
and  augite 

D47E 

Basalt 

1)5  IE 

Phonolitic  trachyte 

Lava-flow  in  situ  at  NE.  end  of  beach.  Cape 
Evans.  56 

Erratics,  close  to  the  but.  Cape  Evans.  II 

In  situ  from  lava-flow  under  the  Barne 
Glacier.  11,  49,  55 

Upper  slope  of  Barne  Glacier  moraine.  5,  11,  58 
From  The  Ramp.  5,  50-54,  72,  PI.  5,  Fig.  6 

Northern  half  of  Tent  Island.  14,  54 

South  summit  of  Tent  Island.  14 

Inclusion  in  lava  close  to  17,  northern  half  of 
Tent  Island.  14 

Outcrop  at  base  of  Tent  Island,  on  west  side, 
beside  small  delta.  13,  29 

Fragments  from  tuff  on  west  side  of  Tent 
Island.  14,  28 

Base  of  outcrop  at  The  Slipper,  E.  of 
C.  Evans.  5,  H,  50,  54,  55 

Upper  edge  of  outcrop  of  lava  at  The  Slipper.  11,  57 
East  end  of  Big  Razorback  Island.  29 

West  base  of  Big  Razorback  I.,  below  The 
Turret.  14,  29 

North-east  end  of  Big  Razorback  I.,  near 
summit.  14,  29 

From  base  of  Big  Razorback  I., ‘in  the  middle’.  14,  29 

Base  of  cliff  at  east  end  of  Little  Razorback.  14 
Lava,  base  at  west  end  of  Little  Razorback.  14,  88 

Base,  south-west  end  of  Little  Razorback 
Island.  14,  88 

Summit  of  Little  Razorback  Island.  14,  88,  98, 

anal.  p.  99 

40  feet  above  sea-level  up  valley  on  W.  side  of 
Tent  Island.  14 

Outcropping  at  SW.  end  of  Tent  Island.  14,  72 

Summit  of  Tent  Island  above  the  gully  on  west 
side.  14,  71 

Base  of  cliffs  on  S.  side  of  Tent  Island.  14,  69,  71 

Boulders  from  tuff  at  NW.  end  of  Tent  Island. 

13,  14,  88 

Lava  above  tuff  on  west  side  of  Tent  Island.  13 

Lava  below  tuff  on  west  side  of  Tent  Island.  13 

Intruding  through  tuff  on  SW.  side  of  Tent 
Island.  14,  71,  72 

Lava  bedded  above  tuff,  SE.  end  of  Tent 
Island.  14,  69 

Erratic  collected  by  C.  S.  Wright,  Tent  Island.  14 
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D52E 

D54E 

D56E 

D59E 

D61E 

D62E 

D68E 

D69E 

D70E 


HIT 

D2T 

D4T 

D5T 

D7T 

D8T 

D9T 

DIOT 


Dll 

D2I 

D3I 

D5I 

D6I 

D7I 

DIOI 

D14I 

D17I 

D20I 

D24I 

D25I 

D26I 

D27I 

1)301 


Trachytoid  phonolite  (Mount  Terror 
type),  and  Kenyte  inclusion 
Kenyte,  wind-worn  erratic 
Kenyte,  etc. 

Kenyte  with  grey  inclusion 

Kenyte  and  ‘basic  kenyte’,  and  basalt 

Hauyne-beai  ing  inclusion 

Kenyte 

Kenyte 

Kenyte 


Page 

Inclusions  from  near  summit  of  Tent  Island.  28, 
Collected  by  C.  S.  Wright.  PI.  2,  Fig.  1 

Erratic  on  The  Ramp.  PL  1,  Fig.  1 

Collected  by  C.  S.  Wright,  Tent  Island. 

Collected  by  Demetri  at  Land’s  End,  Cape 
Evans.  53 

Collected  by  Demetri  on  Tent  Island.  14,  56,  58, 

71,  75,  PI.  4,  Fig.  6 

In  ‘  Antarcticosaurus’,  a  weathered  block  of 
kenyte  east  of  Skua  Lake,  Cape  Evans.  53 

Erratic  from  Deviation  Hill,  Cape  Evans.  5,  49-51, 

PI.  4,  Fig.  3 

Erratic  from  High  Clilf,  Cape  Evans.  59 

Erratic  from  Deviation  Hill,  E.  end  of  The 
Trench,  Cape  Evans.  50-52,  55,  59,  61,  63,  64, 

anal.  p.  64,  PI.  4,  Fig.  1 


Turk’s  Head 

Basalt,  glassy  Collected  by  T.  Gran,  Turk’s  Head. 

Kenyte  with  plagioclase  xenocrysts  (?)  Summit  of  Turk’s  Head. 


12 

12,  75 


Kenyte  with  plagioclase  xenocrysts  (?) 
Kenyte,  glassy 

Tuff 

Basalt  with  insets  of  plagioclase,  olivine, 
and  augite 

Basalt  with  tabular  insets  of  plagioclase 
Tuff 


Lava  from  east  summit  cone;  Turk’s  Head.  12,  75 
Summit  of  Turk’s  Head,  in  debris,  collected  by 
T.  Gran.  12,  58 

Summit  of  Turk’s  Head.  12 

Base  of  Turk’s  Head.  12,  72,  73 

Small  block  in  tuff  at  summit  of  Turk’s  Head.  12,  72 
From  the  base  of  Tuff  Bluff.  11 


Inaccessible  Island 

Trachytoid  phonolite  (Mount  Terror  type)  Lowest  shore  cliffs  on  eastern  end  of  island.  28 

Trachytoid  phonolite  (Mount  Terror  50  feet  up,  on  eastern  cliffs.  28 

type),  glassy  variety 

Trachytoid  phonolite  Lower  northern  slopes.  13 

Olivine-basalt  with  plagioclase  insets  Northern  lower  cliffs.  13,  69 

Basalt,  glassy  50  feet  up,  on  eastern  cliffs.  13 

Trachytoid  phonolite  (Mount  Terror  From  scree  at  base  of  eastern  cliffs.  28,  29,  33 

type),  with  yellow  pyroxene 

Basalt  with  insets  of  plagioclase  Typical  [lava]  from  upper  part  of  the  island.  13,  73 

Haiiyne-bearing  basic  kenyte  Apparently  in  situ  (upper  part  of  island).  54 

Trachytoid  phonolite  (Mount  Terror  type)  From  weathered  face  at  east  end.  28 

Basalt  with  insets  of  plagioclase  At  the  summit  at  the  west  end,  in  situ.  13,  73 

Trachytoid  phonolite  (Mount  Terror  type)  East  Cape.  28,  PI.  3,  Fig.  6 

‘Basic  kenyte’  Weathered  block  from  summit  of  the  island.  12, 

14,  74 

Basalt  with  insets  of  plagioclase  At  base  [of  cliff]  near  couloir.  13,  73 

Basalt  with  insets  of  plagioclase,  olivine.  From  upper  slopes.  13,  72 

and  augite;  boulder  found  with  ‘Trachyte’ 

Basalt  with  insets  of  plagioclase,  augite.  At  top  of  East  Peak,  in  situ.  13,  72 

and  olivine 
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Hut  Point  Peninsula 


DIH 

Olivine-basalt 

D2H 

Trachytoid  phonolite 

D3H 

Trachytoid  phonolite 

D5H 

Hornblende-bearing  basalt 

DlOH 

Augite  crystals  and  matrix 

Dim 

Augite  crystals 

D18H 

Olivine-basalt 

D20H 

Olivine-basalt 

D21H 

Tuff 

D23H 

Palagonitic  basalt  tuff 

D24H 

‘Sanidinite’  and  inclusions 

D25H 

Olivine-basalt 

D28H 

Palagonitic  basalt-tuff 

D33H 

Olivine-basalt 

249* 

Hornblende-bearing  basalt 

267* 

Hornblende-bearing  basalt 

226* 

Olivine-basalt 

260* 

Olivine-basalt 

217*  Trachytoid  phonolite,  ‘Lapilli  trachyte’ 

218*  Trachytoid  phonolite 

219*  Trachytoid  phonolite 

220*  Trachytoid  phonolite 

261*  Olivine-basalt 

227*  Hornblende-bearing  basalt 

*  These  are  serial  numbers  under  B.M.  1953,  86 
of  Mineralogy. 
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From  Harbour  Heights.  76,  88,  89 

From  Observation  Hill.  31,  32 

From  crest  of  Crater  Heights.  32—4,  PI.  3,  Fig.  3 

Large  boulder  at  top  of  Ski  Slope.  80 

NW.  side  (base)  of  Observation  Hill.  16 

From  the  lavas  at  top  of  Ski  Slope.  16 

Flow,  100  yards  to  NE.  of  Castle  Rock.  78 

From  Harbour  Heights.  77,  PI.  6,  Fig.  1 

From  Hutton  Cliffs,  collected  by  T.  Gran.  16 

From  Boulder  Cones.  15,  77 

On  Sulphur  Cones.  16 

Point  B,  between  Fortress  Rocks  and  Crater 
Hill.  77,  PI.  6,  Fig.  2 

From  Boulder  Cones.  15 

Fortress  Rocks.  77 

Half-moon  Crater.  16,  80,  81 

Hut  Point.  80 

Western  Corner,  Crater  Heights.  76,  89 

Mound  100  ft.  high  immediately  below 
Harbour  Heights,  about  1  mile  from  the  hut, 
in  situ.  76,  89 

Ridge  running  up  west  side  of  Observation 
Hill.  30 

True  summit.  Observation  Hill.  32,  33 

S.  summit.  Observation  Hill.  32 

Point  D,  Crater  Heights.  32,  33 

Harbour  Height  rocks,  highest  point  before 
first  crater.  79 

in  situ,  S.M'^.  lip  of  Middle  Crater,  Point  C.  80 


in  the  register  of  rock  collections  in  the  Department 


Febrar  Glacier  and’Koettlitz  Glacier  regions 


D2F 

Basalt 

D8F 

Basalt ;  scoria 

D16F 

Basalt 

D3K 

Basalt 

D5K 

Basalt  and  inclusions 

D9K 

Basalt 

D13K 

Basalt 

From  the  basalt-capped  hill  at  base  of  Dry 
Valley  glacier.  anal.  p.  84,  86,  89,  90,  PI.  6,  Fig.  6 
From  Cheyenne  Crater.  19,  anal.  p.  84,  89,  90, 

PI.  6,  Fig.  5 

From  Cheyenne  Crater.  19,  89,  90 

Collected  by  T.  G.  Taylor  from  lava-flow  beside 
Howchin  Glacier.  19,  88 

From  lava-flow  beside  Howchin  Glacier  (same 
locality  as  3).  19,  88 

From  moraine  opposite  Heald  Island. 

‘Cape  Olivine’.  19 
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SPECIMENS  COLLECTED  ON  THE  BRITISH  ANTARCTIC  EXPEDITION,  1907-9,  RE-DESCRIBED 
OR  REFERRED  TO  BY  NUMBER  IN  THIS  REPORT 


Number 

Name  in  the  1907-9  report  and 
locality 

Reference 

Reference  in  this 
report 

Page 

J1 

Phonolitic  trachyte.  Mount  Cis. 

p.  99,  pi.  I,  figs. 

1  and  2. 

Phonolitic  trachyte 
(Mount  Cis  t}^e) 

24 

J2 

Basalt  poor  in  olivine,  C.  Barne. 

p.  112,  pi.  V,  fig.  3. 

Olivine-basalt 

87 

J3 

Kaersuetite  (?)  Aegirine-augite  Trach¬ 
yte,  Observation  Hill. 

p.  101,  pi.  1,  figs. 

3  and  4 

Trachytoid  phonoUte 
(Observation  Hill 
type) 

32 

J4 

Basalt  poor  in  olivine,  C.  Bame. 

pp.  112  and  114 

Olivine-basalt 

anal.  p.  84,  87,  88 

J5 

[Acid]  Kenjrte,  C.  Evans. 

p.  106,  anal.  p.  110 

Kenyte 

anal.  p.  64,  50,  55,  63 

J6 

Augite  Andesite,  C.  Barne. 

p.  112 

Olivine-basalt 

87 

J9 

Limburgite,  Observation  Hill. 

p.  116 

Olivine-basalt 

78 

Jll 

Plagioclase  Kenyte,  Turk’s  Head. 

p.  108,  pi.  Ill,  fig.  2 

Olivine-basalt 

anal.  p.  82,  12,  73 

J12 

Trachydolerite  breccia,  parasitic  cone 
on.  Mount  Erebus. 

p.  109,  pi.  III.  fig.  4 

Tuff 

6 

J13 

Phonolitic  trachyte.  Mount  Cis. 

p.  99,  anal.,  p.  98 

Phonolitic  trachyte 
(Mount  Cis  type) 

anal.  p.  37,  23,  25, 
PI.  3,  Fig.  1 

J15 

J16 

Trachyte,  transitional  between  trachy- 
phonolite  and  augite  andesite.  In¬ 
accessible  Island. 

p.  103 

Trachytoid  phonolite 
(Mount  Terror 

type) 

28 

J18 

Altered  Phyro-hornblende  Trachjde, 
Cape  Bird. 

p.  119,  pi.  Ill,  fig. 
5,  anal.  p.  120 

Hornblende  -  bearing 
‘trachyte’ 

anal.  p.  37,  33 

J20 

Basalt  poor  in  olivine,  C.  Barne. 

p.  113 

Olivine-basalt 

87,  88 

J21 

Phonolitic  Trachyte,  Inaccessible  Island 

p.  102 

Trachytoid  phonolite 
(Mount  Terror  type) 

28 

J22 

Magnetite  Basalt,  C.  Barne. 

p.  117,  pi.  IV,  fig.  5 

Olivine-basalt 

87 

J24 

Basalt  without  olivine,  C.  Barne. 

p.  113 

Basalt 

87 

J25 

Vitrophyric  Kenyte  (The  Skuary),  C. 
Evans. 

p.  106,  pi.  II,  fig.  3, 
anal.  p.  110 

Ken5rte 

anal.  p.  64,  50,  57, 
63,  PI.  5,  Fig.  5 

J31 

Leucite  Tephrite,  top  of  Crater  Hill. 

p.  Ill,  pi.  IV.  fig.  3 

Olivine-basalt 

anal.  p.  84,  71 

J32 

Phonolitic  trachyte.  Mount  Cis. 

p.  100 

Phonolitic  trachyte 
(Mount  Cis  type) 

24 

J36 

Kulaite,  Cape  Bird. 

p.  121,  pi.  Ill,  fig.  6 

Hornblende  -  bearing 
basalt 

81 

J40 

[Acid]  Kenyte  (The  Skuary),  C.  Evans. 

p.  106,  pi.  II,  fig.  1 

Kenyte 

50,54 

J41 

Trachydolerite,  Inaccessible  Island. 

p.  110 

( ?)  Tephritic  basalt 

72 

J46 

[Basic]  Ken}de  Agglomerate,  Turk’s 
Head. 

p.  108 

Olivine-basalt 

73 

J47 

[Acid]  Kenyte  (The  Skuary),  C.  Evans. 

p.  105 

Kenyte 

50,  54,  55 

J49 

Olivine  Basalt,  C.  Bame. 

p.  114,  pi.  V,  fig.  2 

Olivine-basalt  with 
tabular  insets  of 
plagioclase 

69 

J55 

Basic  Kenyte,  erratic,  C.  Royds. 

p.  108 

Olivine -basalt 

73 

J57 

Leucitophyre,  erratic,  C.  Royds. 

p.  Ill,  pi.  IV,  fig.  6 

Olivine- basalt  with 
tabular  insets  of 
plagioclase. 

70 

J63 

[Acid]  Kenyte,  erratic,  C.  Royds. 

p.  106. 

Kenyte 

J68 

314 

Limburgite,  Mount  Erebus. 

See  under  336. 

p.  114,  anal.  p.  123 

Limburgite 

anal.  p.  84,  78,  92 

315 

(Not  described  by  H.  I.  J.),  Cape  Bird. 

Hornblende  -  bearing 
trachyte,  compar¬ 
able  to  Observa¬ 
tion  Hill  type 

33 

317(630) 

Kulaite,  Cape  Bird. 

p.  124 

Hornblende  -  bearing 
basalt 

81 

322(642) 

Limburgitic  Dolerite,  Cape  Bird. 

p.  125 

Olivine-basalt 

81 

325(648) 

Kulaite,  Cape  Bird. 

p.  124,  anal.  p.  120, 
pi.  V,  fig.  1. 

Hornblende  -  bearing 
basalt 

ana.  p.  82,  81 

334(654) 

Olivine  Basanite,  Cape  Bird. 

p.  125 

Olivine-basalt 

81 

336,  314 

(Not  described  by  H.  I.  J.),  Cape  Bird. 

Trachytoid  phonolite 
(Mount  Terror 

type) 

28 

341(653) 

Trachyphonolite,  Cape  Bird. 

p.  119 

Phonolitic  trachyte 

35 

Also :  J44,  J55,  P54,  P55,  mentioned  on  p.  50 
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EXPLANATIONS  OF  PLATES 

PLATE  I 

Fig.  1.  Anorthoclase  crystals  weathered  out  on  the  surface  of  a  wind- worn  erratic  from  The  Ramp,  Cape 
Evans.  The  largest  crystals  are  3  centimetres  long.  D54E.  x  8/10. 

Fig.  2.  Blocks  of  the  brown  kenyte-pumice  of  Mount  Erebus  with  large  anorthoclase  crystals  protruding. 
The  big  crystal  on  the  right  is  over  6  centimetres  long.  B.M.  1953,  86  (2).  x8/10. 

PLATE  II 

Fig.  1.  Small  block  of  pale  kenyte  in  normal  grey  kenyte.  From  a  block  near  the  summit  of  Tent  Island 
collected  by  C.  S.  Wright.  The  light-coloured  block  is  11  cm.  high.  D52E.  x  1/2. 

Fig.  2.  Bombs  of  grey  kenyte  in  yellow  tuff.  From  Cape  Evans;  an  erratic.  Ee.  Natural  size. 

PLATE  III 

Fig.  1.  Phonolitic  trachyte.  From  Mount  Cis,  Mount  Erebus.  B.M.  1911,  135(13)  =  J13.  Crossed 
polaroids.  x  25.  (p.  24). 

Fig.  2.  Trachytoid  phonolite  (Observation  Hill  type).  From  west  side  of  Observation  Hill,  Hut  Point 
Peninsula.  B.M.  1953,  86,  217.  Crossed  polaroids.  x25.  (p.  31). 

Fig.  3.  Trachytoid  phonolite  (Observation  Hill  type).  From  Observation  Hill,  Hut  Point  Peninsula. 
No.  2H.  The  black  crystals  are  pseudomorphs  of  basaltic  hornblende,  x  25.  (p.  32). 

Fig.  4.  Trachytoid  phonolite  (Observation  Hill  type)  showing  the  ‘minute  colourless  circular  or  roughly 
six-sided  and  eight-sided  isotropic  crystals’  described  by  G.  T.  Prior  in  1907.  From  Observation 
Hill.  B.M.  87171,  264.  x  120.  (p.  31). 

Fig.  5.  Trachytoid  phonolite  (variant  of  the  Mount  Terror  type).  From  the  summit  of  Abbott’s  Peak, 
Mount  Erebus.  D190.  Crossed  polaroids.  x  25.  (p.  30). 

Fig.  6.  Trachytoid  phonolite  (Mount  Terror  type).  From  East  Cape,  Inaccessible  Island.  D24I. 
Crossed  polaroids.  x  25.  (p.  28). 

PLATE  IV 

Fig.  1.  Kenyte.  From  Deviation  Hill,  Cape  Evans.  Showing  small  insets  of  olivine  and  magnetite  in 
a  holocrystalline  groundmass.  D70E.  x  50.  (pp.  50  and  64,  anal.). 

Fig.  2.  Kenyte,  with  fine-grained  groundmass.  Showing  micro-insets  of  olivine  and  the  edge  of  one  of  the 
anorthoclase  insets  just  in  the  field.  From  Cape  Royds.  D6R.  x50.  (pp.  49  and  56). 

Fig.  3.  Kenyte,  showing  a  large  inset  of  pyroxene  with  included  apatite  and  magnetite  in  a  holocrystalline, 
rather  coarse-grained  groundmass.  From  Deviation  Hill,  Cape  Evans.  D68E.  x50.  (p.  49). 

Fig.  4.  Ken}de,  showing  type  of  groundmass  described  as  hyalopilitic.  From  the  west  side  of  Deep  Lake, 
Cape  Barne.  D260.  x50.  (p.  57). 

Fig.  5.  Kenyte,  showing  anorthoclase  insets  with  many  inclusions  of  dark  glass,  in  a  dark  glassy  base. 
From  Hooper’s  Shoulder,  Mount  Erebus.  D220.  x8.  (p.  57). 

Fig.  6.  ‘Basic  kenyte’  in  which  some  of  the  feldspar  insets  are  plagioclase,  showing  a  broken  inset  of 
plagioclase  and  a  micro-inset  of  olivine  in  a  kenyte-type  of  groundmass.  From  Tent  Island. 
D61B(d).  x40.  (p.  75). 

PLATE  V 

Fig.  1.  Kenyte,  showing  in  a  glassy  groundmass,  small  feldspars  and  one  of  the  ‘rounded,  isotropic  crystals 
of  leucite’  described  by  Prior  (1907,  p.  111).  From  Cape  Royds.  B.M.  87171,  818.  x50. 

(p.  56). 

Fig.  2.  One  of  the  ‘small,  rounded  isotropic  crystals  of  leucite’  with  ‘characteristic  central  and  marginal 
inclusions  of  magnetite  and  augite  of  the  base’  (Prior,  1907,  p.  111).  Part  of  the  same  field  as 
Fig.  1.  B.M.  87171,  818.  x270.  (p.  56). 
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Fig.  3. 

Fig.  4. 
Fig.  5. 

Fig.  6. 

Fig.  1. 

Fig.  2. 

Fig.  3. 
Fig.  4. 
Fig.  5. 

Fig.  6. 


Kenyte  with  transparent,  fawn-coloured,  glassy  base  with  stout  microliths  of  feldspar,  and  smaller 
augites,  and  magnetites.  From  a  valley  above  Blacksand  Beach,  Cape  Royds.  D3R.  x  80. 
(p.57). 

Crystal  of  icositetrahedral  habit  in  the  glass  of  the  specimen  figured  in  Fig.  3.  x  450.  (p.  57). 

Kenyte  with  glassy  base,  showing  abundant  crystallites  and  slender  feldspar  microliths.  A  speci¬ 
men  described  by  H.  I.  Jensen.  From  Cape  Evans.  J25  =  B.M.  1911, 135,  25.  x50.  (p.57). 

Kenyte,  an  unusual  variation  with  a  devitrified  glassy  base.  Perhaps  an  inclusion  in  a  late-r  lava 
or  a ‘bomb’.  An  erratic  from  The  Ramp,  Cape  Evans.  D12E  (c).  x40.  (p.  53). 


PLATE  VI 

Olivine-basalt.  A  type  relatively  feldspar-rich,  showing  long  laths  of  plagioclase  with  small  prisms 
of  augite,  grains  of  magnetite,  and  interstitial  colourless  base  (nepheline).  A  group  of  micro¬ 
insets  of  olivine  is  shown  near  the  lower  edge  of  the  field.  From  Harbour  Heights,  Hut  Point 
Peninsula.  D20H.  x  50.  (p.  77). 

Olivine-basalt.  The  limburgite-like  type,  showing  inset  of  olivine,  small  augites,  and  plagioclase 
laths  in  a  dense  glassy  base.  From  point  B,  between  Fortress  Rocks  and  Crater  Hill,  Hut  Point 
Peninsula.  D25H.  x50.  (p.  77). 

Basalt  poor  in  olivine,  with  small  insets  of  jilagioclase  and  abundant  plagioclase  laths  in  the  ground- 
mass.  From  Middle  Dome,  Cape  Barne.  D24R.  x40.  (p.  87). 

Basalt  poor  in  olivine  with  abundant  micro-insets  and  laths  of  plagioclase  in  a  fine-grained,  dense 
groundmass.  From  The  Pyramid,  Cape  Barne.  D280.  x  40.  (p.  88). 

Olivine-basalt,  showing  micro-insets  of  augite  and  of  olivine  and  many  small  laths  of  plagioclase  in 
a  very  fine-grained  groundmass.  From  Cheyenne  Crater.  Ferrar  Glacier  region.  South  Victoria 
Land.  D8F.  x50.  (p.  89). 

Olivine-basalt,  vesicular,  showing  a  micro-inset  of  plagioclase  and  many  of  olivine  (white)  in  a  fine¬ 
grained  groundmass  with  many  microliths  of  plagioclase.  From  the  lava-flow  on  ‘Black  Hill’, 
Ferrar  Glacier  region.  South  Victoria  Land.  D2F.  x  50.  (p.  89). 
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1.  INTRODUCTION 

The  first  landing  at  Cape  Adare  was  made  in  1894  by  an  Australian  of  Norwegian 
birth,  Carstens  Borchgrevink,  who  had  signed  on  as  a  member  of  the  crew  of  the  whaler 
Antarctic  under  Captain  Lars  Kristensen.  A  few  specimens  of  the  rocks  were  collected 
at  that  time  but  a  more  extensive  series  was  obtained  in  1898  when  Borchgrevink 
returned  to  Cape  Adare  in  the  Southern  Cross  leading  an  expedition  sponsored  by  Sir 
George  Newnes.  Borchgrevink’s  expedition  was  the  first  to  winter  on  the  Antarctic 
Continent.  In  the  collection  of  geological  specimens  he  was  assisted  by  Lieutenant 
Colbeck  and  by  Mr.  Louis  Bernacchi. 

Specimens  collected  on  Borchgrevink’s  first  landing  were  described  by  T.  W. 
Edgeworth  David,  W.  F.  Smeeth,  and  J.  A.  Schofield,  and  those  obtained  on  the  later 
Southern  Cross  Expedition  were  described  by  G.  T.  Prior.  Most  of  the  specimens 
were  poorly  localized  but,  assisted  by  the  recollections  of  Colbeck  and  Bernacchi,  Prior 
was  able  to  give  in  rough  outline  a  picture  of  the  geology  of  the  region. 

Cape  Adare  itself  was  shown  to  consist  of  volcanic  rocks,  mostly  basalts,  while  a 
formation  of  pale  green  slates  and  quartz-grits  constituted  the  main  mass  of  Duke  of 
York  Island  in  Robertson  Bay  and  the  same  formation  occurred  also  on  the  neighbouring 
mainland,  Geikie  Land,  and  extended  along  the  coast  towards  Cape  North.  There  was 
no  very  definite  observation  on  the  nature  of  the  junction  between  the  volcanic  rocks  and 
the  slates,  but  Bernacchi  had  reported  seeing  such  a  junction  some  two  miles  south  of 
Duke  of  York  Island  and  he  had  formed  the  impression  that  the  basalt  had  flowed  over 
the  sedimentary  formation  and  hidden  its  southerly  prolongation  (Prior,  1902,  p.  331). 
Bernacchi  also  reported  having  seen  slates  at  the  foot  of  Mount  Melbourne  in  Newnes 
Land  but  this  observation  has  not  been  confirmed  by  the  later  expeditions  (see  below). 

A  landing  was  made  on  Cape  Adare  by  Sir  Ernest  Shackleton  with  H.  T.  Eerrar 
and  other  members  of  the  Discovery  Expedition  in  1902  and  Eerrar,  the  geologist,  gave 
a  brief  description  of  the  Cape  and  details  of  two  sections  across  the  basalts  and  tuffs  in 
his  report  (1907,  p.  18).  Eerrar  thought  the  volcanic  formation  formed  also  the  high 
coastal  cliff  between  Cape  Adare  and  Cape  Jones,  150  miles  to  the  south,  opposite 
Couhnan  Island,  and  basalts  appeared  to  be  developed  at  the  base  of  Mount  Melbourne 
still  further  to  the  south*.  Prior  examined  the  specimens  collected  by  the  Discovery 
Expedition  but  did  not  describe  them,  as  he  found  them  to  be  quite  similar  to  those 
already  described  by  him  from  Cape  Adare,  Couhnan  Island,  and  Franklin  Island 
collected  on  the  earlier  expedition. 


*  Basalt  crags  near  Mount  Melbourne  are  shown  in  an  illustration  in  Antarctic  Adventure  by  R.  E. 
Priestley  (1914,  p.  206)  and  the  position  of  Mount  Melbourne  is  shown  in  map  2  in  the  same  book.  It  is 
not  certain  that  these  basalts  belong  to  the  same  volcanic  series  as  those  of  Cape  Adare  and  Coulman  Island. 
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This  was  the  sum  total  of  the  knowledge  of  the  geology  of  Cape  Adare  and  Robertson 
Bay  when  the  six  men  of  the  Northern  Party  landed  from  the  Terra  Nova  on  18  February 
1911.  They  established  themselves  on  Ridley  Beach,  a  triangular  patch  of  beach,  close 
under  the  cliffs  and  about  a  mile  across  at  its  base.  Here  they  built  their  hut,  not  far 
from  the  old  one  left  by  Borchgrevink,  and  from  this  base  they  investigated  the  physio¬ 
graphy  and  glaciology,  kept  regular  meteorological  records,  and  collected  rocks  from 
every  accessible  outcrop  and  from  the  moraines  of  the  glaciers  at  the  end  of  Robertson 
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Reproduced  by  kind  permisson  from  the  inset  map  II  in  R.  E.  Priestley's  Memoir  on  the  Physiography  ot 
Robertson  Bay  and  based  on  the  plane-table  survey  by  Commander  V.  L.  A.  Campbell,  D.S.O.,  R.N. 
(see  Plate  1,  fig.  3). 

Bay  as  well  as  from  the  beach  itself.  They  remained  at  Cape  Adare  until  4  January 
1912,  having  lived  there  almost  a  whole  year. 

The  story  of  the  life  and  the  journeys  of  the  Northern  Party  has  been  told  by 
Priestley  in  Antarctic  Adventure  and  the  results  of  his  work  on  the  physiography  and  the 
glaciology  have  been  published  in  two  reports  of  the  scientific  results  of  the  Terra  Nova 
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Expedition.  Antarctic  Adventure  and  the  memoirs  are  all  well  illustrated  by  photographs 
taken  by  Stah-Surgeon  G.  Murray  Levick,  R.N.  and  Priestley  and  some  of  these  show 
very  clearly  the  outcrops  and  the  cliffs  where  the  geology  of  the  rocks  in  situ  has  been 
studied. 

The  sedimentary  rocks  have  been  described  in  a  report  by  R.  H.  Rastall  and  R.  E. 
Priestley  published  in  1921  and  the  present  report  contains  a  description  of  all  the 
volcanic  rocks. 

Most  attention  has  naturally  been  paid  to  the  rocks  collected  in  situ  but  there  are 
also  included  brief  descriptions  of  the  volcanic  rocks  from  the  moraines  of  the  Xewnes 
and  Murray  Glaciers,  of  erratics  from  the  top  of  the  Cape,  and,  in  so  far  as  they  are 
notably  different  from  others  described,  of  pebbles  and  cobbles  from  Ridley  Beach. 
Less  attention  has  been  paid  to  the  beach  pebbles  than  to  fragments  of  rock  from  the 
moraines,  as  Priestley  has  pointed  out  that  at  least  four  sources,  in  addition  to  the  chffs 
of  Cape  Adare,  have  contributed  to  the  beach  material.  These  sources  are;  (1)  erratics 
from  the  surface  of  the  plateau  about  800  feet  above  sea-level  on  the  Cape  itself,  left  by 
some  former  source  of  land  ice;  (2)  exposures  of  rock  further  south  along  the  coast  of 
the  mainland;  (3)  material  left  by  stranded  floes  and  icebergs;  and  (4)  moraine  material 
from  a  great  glacier  that  may  once  have  filled  Robertson  Bay  to  a  great  depth,  possibly 
over  a  thousand  feet  above  present  sea-level  (Priestley,  1923,  p.  6). 

Priestley’s  account  of  the  physiography  of  the  region  contains  information  on  the 
distribution  of  volcanic  and  sedimentary  rocks  and  the  available  information  is  shown 
on  a  map  accompanying  the  report  on  the  slate-gTeywacke  formation  (1921,  fig.  8, 
p.  122).  In  Antarctic  Adventure  there  are  several  descriptions  of  outcrops  both  of  the 
volcanic  rocks  on  the  Cape  and  of  the  sedimentary  rocks,  reached,  often  ^vith  great 
difficulty,  during  the  spring  and  summer  sledging  trips  of  1911  (see  Fig.  1,  p.  112). 

Of  Cape  Adare  itself  Priestley  wrote:  ‘It  is  composed  in  the  main  of  a  series  of 
almost  horizontal,  slightly  northward-dipping  sheets  of  basalt  lava  which  are,  however, 
interspersed  with  much  more  irregularly-shaped  and  disposed  bodies  of  agglomerate  and 
tuff,  and  which  are  pierced  through  with  numerous  dykes  and,  probably,  with  less 
numerous  volcanic  necks’  (1923,  p.  8). 

Specimens  in  the  collection  of  scoria,  volcanic  ‘bombs’,  and  masses  of  ropy  lava 
seem  to  indicate  the  former  presence  of  a  centre  of  eruption  quite  close  to  Cape  Adare. 

Volcanic  rocks,  therefore,  are  seen  to  compose  the  whole  of  the  Cape  but  west  of 
the  Cape  they  are  absent  in  Robertson  Bay. 

That  the  volcanics  rest  on  a  basis  of  the  slate-greywacke  formation  is  deduced  by 
Priestley  from  ‘  the  occurrence  of  scraps  of  slate  and  quartzite  in  the  Cape  Adare  tuffs  ’ 
(1923,  p.  18),  and  other  evidence  of  this  has  been  yielded  by  the  study  of  xenoliths  in 
some  of  the  basalts  (see  p.  120). 

Accessible  outcrops  where  sedimentary  rocks  and  basalts  or  tuffs  are  in  contact  are 
evidently  very  few.  One  such  junction,  as  reported  above,  was  seen  by  Bernacchi 
south  of  Duke  of  York  Island,  and  Priestley  records  one  ‘on  the  most  southerly  bluff 
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of  air  in  Robertson  Bay  ‘where  the  basalt  of  the  Cape  Adare  series  cuts  across  the 
sediments  in  a  dead  straight  line,  with  features  suggesting  a  fissure  eruption  on  a  small 
scale’  (1921,  p.  124). 

The  distribution  of  basalt  and  of  sedimentary  rock  in  the  moraine  of  the  Newnes 
Glacier  and  of  a  tributary  has  an  interesting  bearing  on  the  history  of  the  glacier  (Priestley, 
1923,  p.  18)  and  Priestley  was  able  to  make  some  observations  on  the  relative  positions 
of  basalt  and  sediment  on  the  hills  bordering  this  glacier.  Basalt  cliffs  line  the  cwni 
within  which  the  head  of  the  tributary  glacier  lies  (1923,  p.  15)  and  in  the  course  of  a 
painful  climb  up  the  hills  on  the  right  (west)  of  the  Newnes  Glacier  Priestley  and 
Dickason  found  basalt  within  700  feet  of  the  top  of  the  hill,  there  3,600  feet,  and  before 
reaching  the  basalt  they  had  found  green  quartzite  cropping  out  above  the  rubble  of 
the  screes  and  dipping  steeply  towards  the  south-west  (Priestley,  1914,  p.  179). 

Such  information  as  there  is  on  the  geological  structure  of  the  region  is  discussed 
in  the  report  on  the  slate-greywacke  formation  (1921,  p.  123),  and  Priestley  has  given 
reasons  for  concluding  that  the  main  coastal  fault-plane,  known  to  be  of  great  importance 
in  the  McMurdo  Sound  region,  continues  through  the  Robertson  Bay  region  and  on  to 
the  north  (1923,  p.  18). 


II.  VOLCANIC  ROCKS  IN  SITU  ON  THE  CAPE 

Olivine-Basalts 

Apart  from  the  tuffs  and  agglomerates  referred  to  in  Priestley’s  description  of  the 
Cape  the  volcanic  rocks  collected  in  situ  are,  with  the  exception  of  a  few  specimens  from 
one  very  restricted  locality,  all  olivine-basalts. 

These  can  be  divided  on  their  characters  as  seen  in  hand -specimens  into  three  types 
as  follows; 

A.  Black,  glassy,  aphanitic  olivine-basalt; 

B.  Dark  grey,  holocrystalline  olivine-basalt;  and 

C.  Porphyritic  olivine-basalt  with  insets  of  aiigite  and  olivine. 

The  basalts  of  the  second  type  contain  abundant  xenoliths  of  quartzose  rocks,  and 
small  xenoliths  of  similar  rocks  are  occasionally  seen  also  in  the  black  glassy  basalt. 
These  xenoliths  are  of  particular  interest  as  they  afford  evidence  of  the  rocks  through 
which  the  basalts  were  extruded. 

A.  Black,  glassy  Olivine-basalt 

This  type  is  best  represented  by  a  specimen  [432]  from  an  exposure  100  yards  north 
of  the  northern  limit  of  the  snow  drift  on  Cape  Adare.  Other  specimens  belonging  to 
the  same  type,  listed  in  the  order  in  which  they  are  described,  are:  426  labelled  only 
Cape  Adare ;  229  from  300  feet  up  on  the  Cape ;  246  from  the  scree ;  and  247  part  of  a 
‘bomb’. 
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The  hand-specimen  of  432  is  dark  neutral  grey,  compact,  aphanitic,  and  shows  only 
a  few  small  circular  vesicles  less  than  0-5  mm.  in  diameter.  Under  a  hand-lens  on  a 
smooth  surface  extremely  small  laths  of  feldspar  can  just  be  distinguished  in  the  dark 
base.  Under  the  microscope  it  is  seen  that  the  main  crystalline  constituent  is  plagioclase 
feldspar  in  lath-shaped  crystals  ranging  in  size  from  crystals  measuring  1-5  x  0-3  mm. 
down  to  microliths  in  the  groundmass  0-007  mm.  across.  The  general  impression  of  the 
rock,  as  seen  in  thin  section,  is  of  abundant  plagioclase  laths  and  micro-insets  of  ohvine 
and,  less  abundant,  augite  in  a  brownish  glassy  groundmass  containing  slender  feldspars, 
augite  prisms,  very  small  olivines,  and  cubes  and  ‘dendrites’  of  opaque  ‘ore’  (assumed 
to  be  magnetite).  The  colour  of  the  glass  in  thin  section  is  deep  brownish  drab. 

The  feldspars  show  Carlsbad  and  albite  twins.  Extinction  angles  measured  indicate 
a  composition  near  Ang^. 

The  microliths  are  a  more  acid  labradorite  near  Angg  perhaps  ranging  up  to  Augg. 
The  olivine  of  the  micro-insets  is  colourless  but  stained  brown  along  fissures.  The 
average  size  for  the  micro-insets  is  about  0-25x0-17  mm.  but  crystals  of  olivine  in 
the  groundmass  are  very  small,  only  about  0-05  mm.  across  (Plate  2,  fig.  1). 

The  augite  is  optically  positive,  2V  moderate,  c:y  near  45°.  Micro-insets  show 
faint  zoning,  the  colour  in  thin  section  ranging  from  light  vinaceous  fawn  in  the  outer 
shell  to  pale  vinaceous  fawn  in  the  core.  The  groundmass  pyroxene  is  similar  in  colour 
to  the  outer  zones  of  the  micro-insets.  Though  fewer  in  number  than  the  ohvine 
micro-insets  the  augites  are  the  larger  in  size,  averaging  about  0-75  x  0-2  mm.  It  is 
noticeable  that  the  augites  sometimes  form  small  radiating  groups  of  twinned  prisms. 

The  other  constituent  of  the  gToundmass,  in  addition  to  the  plagioclase,  augite, 
olivine,  and  glass,  is  magnetite.  This  forms  small  cubes  (0-004  to  0-025  mm.).  SmaU 
combs  of  dendritic  black  ‘ore’  that  may  be  ilmenite  are  seen  under  high  magnification 
in  the  brown  glass. 

One  black  glassy  basalt  of  this  type  [426]  shows  occasional  crystals  of  brown  horn¬ 
blende,  either  xenocrysts  or  insets,  similar  to  the  hornblendes  in  the  porph}uitic  ohvine- 
basalt  described  below.  Type  C.  (p.  118). 

Another  example  [229]  from  300  feet  up  on  Cape  Adare  is  dull,  and  dark  neutral 
grey  in  colour  and  has  a  dense  black  glassy  base.  It  lacks  the  glassy  lustre  of  the  other 
specimens  referred  to  this  type.  It  is  somewhat  vesicular  and  some  of  the  vesicles  at 
or  near  the  surface  are  fined  with  an  opaque  white  deposit  and  some  contain  opaque 
white  crystals.  Further  reference  will  be  made  to  these  below  (p.  122).  The  surface 
of  the  specimen  shows  ropy  structure,  indicating  that  it  formed  part  of  a  lava  flow. 

Under  the  microscope  this  rock  is  seen  to  consist  of  abundant  small,  stout  laths  of 
labradorite  (near  Aiigg)  with  few,  small  crystals  of  brown  altered  olivine  and  still  smaller 
augites  in  a  dense  black  glassy  base.  The  proportion  of  feldspar  crystals  to  glass  is 
about  three  to  five. 

A  specimen  which  may  represent  a  holocrystalline  equivalent  of  T}q)e  A  is  246 
from  the  scree  on  Cape  Adare.  The  habit  of  its  plagioclase  laths  and  of  the  very  small 
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micro-insets  of  olivine  (here  all  altered  to  ‘iddingsite’)  and  of  augite  is  similar  to  the  more 
glassy  basalts  of  this  type  described  above,  but  the  groundmass  minerals,  plagioclase, 
augite  and  magnetite,  and  acicular  inclusions,  are  in  a  colourless  birefringent  base  which 
may  be  either  feldspathic  or  nepheline.  In  any  case  the  interstitial  base  is  very  small 
in  amount.  This  specimen  is  brownish  drab  in  colour.  It  contains  many  nearly 
spherical  vesicles,  rarely  exceeding  1  mm.  in  diameter,  lined  with  white  zeolites,  partly 
isotropic  analcime. 

A  ‘bomb’  [247]  with  a  black,  glassy  vesicular  outer  surface  consists  of  lava  of  the 
same  type  as  those  here  described.  Another  ‘bomb’  [253]  ‘from  agglomerate  on  the 
road’  is  very  dense  and  fine-grained  and  appears  to  belong  to  lava  of  a  different  kind. 

B.  Darh  grey  holocrystalline  Basalt 

This  is  represented  by  a  large  number  of  specimens  from  several  localities  designated 
in  Priestlev’s  notes  as  follows: 

1.  Below  the  Survey  Rock  .....  254,  255,  256,  and  258 

2.  Knoll  a  little  below  and  a  little  north  of  the  black 

Survey  Rock  .......  261  to  329 

3.  Bluff  near  the  end  of  the  upper  beach  platform  .  383  to  425 

4.  Depot  exposure  ......  456  and  460 

5.  Bluff  south  of  the  Depot  exposure  .  .  .  468 

6.  Foot  of  cliff  between  Depot  exposure  and  Solitary 

Rock .  477  to  486 

7.  Exposure  one  to  two  hundred  yards  south  of 

Solitary  Rock .  522,  527,  530,  543,  544,  545 

These  dark  grey  basalts  are  all  vesicular  and  appear  much  less  fine-grained  than 
the  black  glassy  basalts  described  above.  The  colour  of  most  of  them  is  deep  neutral 
grey,  sometimes  weathering  to  light  purplish  grey  and  deep  ohve-grey  in  the  vesicles. 
The  vesicles  are  usually  empty,  except  that  some  are  parti}'  coated  with  a  white  powdery 
substance  of  the  same  kind  as  that  found  coating  patches  of  the  surface  of  some  of  the 
specimens  and  hning  vesicles  in  the  Type  A  basalt  described  above. 

A  rather  fine-grained  vesicular  example  of  this  basalt  [485]  from  the  foot  of  the 
cliff  between  Depot  exposure  and  Solitary  Rock  is  seen  in  thin  section  to  consist  of 
great  numbers  of  slender  laths  of  plagioclase  (0-15  x  0*01  mm.)  in  a  dark  base  with 
micro-insets  of  pale  buff  augite  up  to  0-4  mm.  long  and  occasional  micro-insets  of 
plagioclase.  In  one  specimen  [460]  augite  also  appears  as  insets  up  to  2  mm.  across. 
Small  magnetites  (0-1  mm.)  occur  as  micro-insets  as  well  as  abundantly  in  the  dark 
base.  The  groundmass  between  the  feldspar  laths  consists  of  granular  augite  and 
magnetite  as  small  cubes  (0-01  mm.)  and  finer  dust,  and  some  colourless,  birefringent 
base  with  refractive  index  apparently  below  that  of  the  plagioclase.  Some  small  brown 
altered  olivines  are  observable  and  more  may  be  hidden  by  the  magnetite-rich  dark  base. 
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The  specimens  from  the  bluff  near  the  end  of  the  upper  beach  platform  have  a 
holocrystalline  groundmass.  They  contain  small  insets  of  augite,  about  1  mm.  across, 
but  these  are  few  and  inconspicuous.  There  are  occasional  idiomorphic  insets  of  colour¬ 
less  olivine,  up  to  1-5  mm.  long  with  narrow  brown  edges  to  the  colourless  crystals. 
The  groundmass  consists  of  slender  laths  of  plagioclase,  augite,  bro^vn  altered  ohvine, 
and  magnetite,  all  lying  between  the  feldspar  laths  in  a  base  of  a  colourless  mineral  of 
low  birefringence  containing  more  small  feldspar  microliths.  The  texture  thus 
approaches  that  usually  described  as  intergranular  (Plate  2,  fig.  2). 

The  feldspar  laths  are  very  thin,  about  0-02  mm.  across,  and  are  up  to  0-3  nmi. 
long.  They  show  Carlsbad  and  albite  tmns  in  which  symmetrical  extinction  angles  give 
a  maximum  of  28°,  indicating  labradorite  near  Angg. 

The  augite  insets,  pale  vinaceous  fawn  in  thin  sections,  show  ‘hour-glass’  structme. 
One  inset  gave  extinction  angles  c:y  =  49°  in  the  shell  and  53°  in  the  core.  Others 
gave  readings  ranging  from  43°  to  50°. 

The  interstitial  colourless  mineral  in  the  base  is  alkali-feldspar.  There  are  in  it 
small  dark  brown  inclusions  and  minute  colourless  needles. 

C.  Por'phyritic  Olivine-basalts  with  insets  of  Augite  and  Olivine 

This  type  is  represented  at  Cape  Adare  mainly  by  specimens  from  a  pseudo-cave,  a 
circular  depression  in  the  clifl;  produced  by  atmospheric  weathering,  not  far  from 
Borchgrevink’s  Depot. 

Typical  hand-specimens  of  this  rock  [245,  249]  are  dense,  black,  vdth  a  glassy 
lustre  and  smooth,  subconchoidal  fracture.  One  specimen  [357]  shows  many  round 
pale  neutral  grey  spots,  the  familiar  spotty  weathering,  freckling,  or  ‘Sonnenbrenner’, 
frequent  in  basalts  of  this  kind  in  other  regions.  An  extreme  porph}T‘itic  example  of 
this  type  [431]  contains  numerous  insets  of  both  augite  and  olivine  up  to  8  mm.  across. 
Smaller  black  augites  and  brown  olivine  crystals,  2  to  3  mm.  across,  are  'vusible  in  most 
specimens.  The  groundmass  is  aphanitic  and  neutral  grey.  Vesicles  are  usually  few. 
At  a  rough  estimate  the  insets  occupy  about  25  per  cent  by  volume  of  the  rock. 

Another  example  [234]  contains  very  abundant  fresh,  reed-yellow  to  olive-yellow 
olivines.  This  rock  has  augite  insets  also  but  these  contain  inclusions  of  opaque  ground- 
mass  or  glass  and  they  then  merge  so  closely  with  the  gToundmass  that  they  are  hardly 
distinguishable  on  the  rock  surface  even  with  a  hand-lens. 

Under  the  microscope  it  is  seen  that  in  addition  to  the  augite  and  ohvine  there  are 
in  some  of  these  porphyritic  basalts  insets  or  xenocrysts  of  brown  hornblende  usually 
in  the  process  of  resorption  [431,  248].  One  specimen  [249]  contains  also  a  group  of 
tabular  labradorite  crystals.  Aj)art  from  this  plagioclase  has  not  been  observed  as 
insets  in  any  of  the  specimens  from  the  pseudo-cave. 

The  hornblende  is  pleochroic;  a'  cream-bufi,  y'  honey-yellow.  Absorption  y>p>a. 
Extinction  c ;  y  small.  The  augites  are  pale  vinaceous  bufi  in  colour  and  not  appreciably 
pleochroic:  c:y  =  52°.  Both  olivines  and  augites  range  up  to  2  to  3  mm.  in  length. 


THE  VOLCANIC  ROCKS  OF  CAPE  ADARE,  SOUTH  VICTORIA  LAND 


119 


Magnetite  as  micro-insets  is  frequently  associated  with,  the  augite  and  ohvine.  In 
most  specimens  the  olivines  are  colourless  in  thin  section  but  occasionally  they  show 
various  shades  of  yellow  and  frequently  have  narrow  brown  altered  borders. 

The  groundmass  of  a  typical  specimen  of  these  porphyritic  basalts  [249]  consists  of 
microliths  of  labradorite,  near  Ang^,  with  small  prismatic  olivines  abundant  in  a  base  of 
fawn-coloured  glass  with  very  small  augite  microliths  and  magnetite  cubes  (0*004  mm.). 
A  notable  feature  is  the  unusual  abundance  of  small  olivine  crystals  in  the  groundmass. 
They  are  about  the  same  size  in  cross-section  as  the  feldspars,  ranging  from  0*02  to 
0*007  mm.,  and  generally  prismatic  in  habit.  Many  of  them  are  hollow  at  the  ends  or 
have  cavities  filled  with  groundmass.  In  some  specimens  they  are  all  altered  to  brown 
iddingsite,  and  in  these  cases  they  do  not  show  the  skeletal  habit. 

Variations  in  the  groundmass  are  shown  by  several  of  the  specimens.  Some  have 
the  groundmass  more  dense,  the  magnetite  being  very  abundant,  and  both  feldspar 
microliths  and  magnetites  are  very  small,  ranging  in  cross-sections  from  0*017  to  0*002  mm. 
Part  of  the  colourless  base  of  the  groundmass  in  241  is  weakly  birefringent  and  may  be 
alkali-feldspar.  In  244  there  is  a  strong  tendency  to  parallel  ahnement  of  the  feldspar 
laths,  and  the  groundmass  between  the  feldspars  is  glass,  vinaceous  buff  to  fawn  in 
colour,  with  abundant  granular  augite  and  magnetite.  There  is  less  olivine  visible  in 
this  case.  A  specimen  [676]  in  which  the  groundmass  is  better  crystallized  and  slightly 
coarser  grained  than  in  the  specimens  from  the  pseudo-cave  was  broken  off,  almost 
certainly  in  situ,  by  G.  P.  Abbott,  from  1,000  feet  up  on  the  Cape.  It  shows  small 
brown  olivines  and  black  augites,  2  to  4  mm.  across,  in  a  dense,  dark  neutral  grey 
groundmass.  (See  also  p.  138  and  Plate  2,  fig.  6.) 

Other  examples  of  lavas  of  this  type  are  seen  in  a  basalt-tuff  and  in  a  specimen  of 
ropy  lava  referred  to  above.  In  this  ropy  lava  the  olivine  insets  show  remarkable  black 
inclusions,  presumably  of  magnetite,  almost  completely  obscuring  the  original  olivine. 
These  are  perhaps  the  result  of  reheating  of  the  insets  in  the  surface  lavas.  David, 
Smeeth,  and  Schofield  described  and  figured  similar  olivine  insets  ‘traversed  by  a  dense 
rectangular  network  composed  of  strings  of  magnetite  grains’  from  an  olivine-basalt 
from  Cape  Adare  collected  by  Mr.  C.  E.  Borchgrevink  in  1894-5  (1896,  p.  478  and  pi.  13, 
fig.  4).  Something  of  the  same  kind  has  been  described  by  I.  D.  Muir  and  C.  E.  Tilley 
in  picrite-basalts  from  Kilauea,  Hawaii  (1957,  p.  247). 

Another  basalt  from  the  agglomerate  in  the  pseudo-cave  showing  scattered  small 
augites,  1  to  2  mm.  across,  in  an  aphanitic,  dark  neutral  grey  groundmass  shows  some 
differences  from  the  other  porphyritic  basalts  described  from  this  locality.  It  contains 
resorbed  hornblende  insets  as  well  as  augites  but  none  of  olivine  were  observed.  In 
their  optical  properties  the  hornblendes  and  most  of  the  augites  resemble  those  of  the 
basalts  just  described  but  some  augite  sections  show  a  pale  green  (glass-green)  core  in 
a  narrow  shell  of  the  usual  prevailing  buff  colour.  Magnetite  occurs  as  small  micro¬ 
insets  and  apatite  appears  occasionally  as  small  hexagonal  prisms.  The  groundmass 
consists  of  small  laths  of  plagioclase  (0*07  by  0*007  mm.  and  less),  small  cubes  of 
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magnetite,  and  granules  and  small  colourless  prisms  of  p5n:oxene  in  a  faintly  bufi- 
coloured  weakly  birefringent  base,  which,  as  shown  by  an  HCl  etch  test,  is,  at  least 
partly,  feldspathoid. 

Porphyritic  basalts  similar  to  those  described  above  were  recorded  by  G.  T.  Prior 
from  the  collection  made  on  the  Southern  Cross  Expedition  [B.M.  85752,  28,  29  and 
30]  and  one  [85752,  23]  is  figured  (1902,  pi.  53,  fig.  5). 

It  was  not  known  whether  these  were  in  situ,  but  Prior  was  able  to  match  them 
with  a  specimen  collected  by  Lieutenant  Colbeck  ‘from  a  clifi  in  Robertson  Bay,  about 
four  miles  south  of  the  camp’.  According  to  Lieutenant  Colbeck’s  description  ‘they 
occur  in  small  dykes  three  feet  wide,  traversing  the  cliff  from  top  to  bottom  at  various 
angles’  (1902,  p.  327). 

A  similar  basalt  is  probably  the  ‘olivine  basalt  (No.  7)’  collected  by  C.  E. 
Borchgrevink  in  1894-5  on  his  landing  from  the  whaler  Antarctic  and  described  by 
Edgeworth  David,  W.  F.  Smeeth,  and  J.  A.  Schofield  (1896,  p.  477).  They  give  a 
fairly  complete  description  of  the  rock  with  particular  reference  to  the  augite  and 
olivine  insets,  and  they  also  made  a  chemical  analysis,  quoted  in  column  1,  table  I. 

Prior  was  inclined  to  compare  these  basalts  with  those  he  had  examined  from 
Coulman  Island  [85752,  69-76]  and  from  the  foot  of  Mount  Terror,  as  well  as  with  those 
from  Possession  Island  collected  on  the  Southern  Cross  Expedition.  He  gives  a  chemical 
analysis  of  a  hornblende-basalt  [B.M.  85752,  93]  from  the  foot  of  Mount  Terror  [column 
2,  table  I]  but  he  gave  no  detailed  description  of  the  rock.  It  contains  more  xenocrysts 
of  brown  hornblende  than  most  of  the  Cape  Adare  porphyritic  basalts  described,  and 
certainly  fewer  olivine  insets.  The  groundmass  has  a  broAvn  glassy  base  and  is  similar 
to  that  of  the  Cape  Adare  porphyritic  basalts,  again  perhaps  vdth  less  ohvine.  Prior’s 
analysis  shows  very  considerable  differences  from  that  of  the  Cape  Adare  basalt 
described  in  David,  Smeeth,  and  Schofield’s  paper  (column  1,  table  I). 

It  is  worth  recording  here  that  a  specimen  [85752,  101]  collected  by  j\Ir.  Louis 
Bernacchi  on  the  Southern  Cross  Expedition,  and  believed  to  represent  the  basalt  dike 
figured  in  Prior’s  report  on  the  rock-specimens  (1902,  p.  327)  is  a  dolerite  consisting,  as 
Prior  describes  it,  ‘  of  a  medium-grained  aggregate  of  felspar-laths  and  pale  purple  augites 
with  only  a  little  magnetite  and  no  interstitial  glass’.  No  rocks  resembling  this  were 
collected  in  situ  at  Cape  Adare  by  Priestley. 

Xenoliths  in  the  Basalts 

Reference  has  been  made  above  to  xenohths,  apparently  of  sedimentary  quartzose 
rocks,  in  basalts  of  Types  A  and  B.  In  the  black  glassy  basalts,  T}q)e  A,  few  xenohths 
were  seen.  They  are  cream-coloured,  compact,  and  relatively  small.  From  T}q)e  B 
basalts  on  the  other  hand  large  numbers  of  xenohths  were  collected.  They  are  frequently 
four  or  five  centimetres  across  and  one  of  the  specimens  collected  by  Priestley  is  13  cm. 
in  length.  These  xenohths  show  a  considerable  range  of  colour  from  deep  greyish  ohve 
to  brick-red  and  brown.  At  exposure  2,  near  the  end  of  the  upper  beach  platform, 
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the  colour  ranges  from  buff  to  light  vinaceous  fawn  and  the  edges  of  the  xenoliths 
adjacent  to  the  basalt  are  noticeably  more  pink  than  in  the  interior  of  the  xenolith. 
Penetration  of  the  xenolith  by  thin  stringers  of  basalt  is  well  shown  by  some  of  the 
specimens. 

A  good  series  of  thin  sections  of  these  xenoliths  was  examined  and  some  of  them 
were  submitted  to  Dr.  S.  0.  Agrell  of  the  Department  of  Mineralogy  and  Petrology  at 
Cambridge  and  to  Dr.  A.  F.  Hallimond  for  their  opinions.  Their  assistance  is  here 
gratefully  acknowledged. 

TABLE  I 


1 

2 

3 

SiOa 

45-13 

47-40 

or 

16-12 

TiO, 

0-63 

ab 

20-96 

AI2O3 

18-13 

20-27 

an 

20-29 

FejOg 

12-94 

5-38 

ne 

15-34 

FeO 

5-48 

di 

9-06 

MnO 

0-17 

ol 

5-63 

MgO 

7-33 

2-94 

mt 

7-89 

CaO 

11-23 

7-59 

il 

1-22 

Na20 

2-14 

5-78 

ap 

2-02 

K2O 

0-98 

2-73 

H20-fll0° 

H20-110° 

2-18 

0-23 

P2O5 

0-85 

Totals 

100-06 

99-45 

1.  ‘Olivine  Basalt’,  David,  Smeeth,  and  Schofield,  1895.  Cape  Adare. 

2.  ‘Hornblende-basalt’,  Prior,  1902,  IL6.(2)3.4.  Foot  of  Mount  Terror,  Ross  Island.  G.  T.  Prior 
anal.  B.M.  85752,  93.  (Basalt  in  Washington,  1917,  p.  577). 

3.  Norm  of  2. 


All  the  inclusions  examined  contain  abundant  quartz  grains  and  a  few  turbid 
grains  of  plagioclase  were  also  identified.  The  grains  are  subangular  and  they  vary  in 
grain-size  from  about  0-75  mm.  down  to  less  than  0-05  mm.  The  larger  quartz  grains 
are  cracked.  All  give  sharp  extinction  and  do  not  show  evidence  of  strain. 

The  matrix  of  these  grains  is  in  the  main  glassy.  In  thin  section  it  is  colourless  to 
pale  drab  or  pale  buff.  Occasionally  it  shows  small-scale  perlitic  cracks,  and  nearly  always 
it  is  crowded  with  crystallites.  Its  refractive  index  is  near  1-508.  (PL  2,  figs.  3-5.) 

Two  kinds  of  crystallites  are  very  abundant  and  both  are  present  in  every  specimen. 
The  most  obvious  are  slender  colourless  prisms  with  straight  extinction,  positive 
elongation,  and  refractive  index  high  relative  to  the  glass. 

These  properties  agree  with  both  mullite  and  with  an  orthorhombic  pyroxene. 
At  Dr.  Agrell’s  suggestion  glass  containing  these  crystallites  in  abundance  was  finely 
powdered  and  allowed  to  stand  overnight  in  cold  HF.  The  glass  and  all  the  crystallites 
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dissolved,  thereby  proving  that  the  crystalhtes  are  not  mulhte.  They  are  presumed  to 
be  the  orthorhombic  pyroxene,  hypersthene.  The  other  abundant  crystalhtes  are 
cordierite.  These  are  colourless  prisms  with  straight  extinction,  and  negative  elonga¬ 
tion.  Some  show  hexagonal  cross-sections  and  occasionally  sector  tvanning.  The 
birefringence  is  low  and  the  refractive  index  is  judged  to  be  near  that  of  quartz. 

Dr.  Agrell  identified  tridymite  in  some  cavities  in  the  glass,  and  there  are  other 
crystallites  that  have  not  been  identified.  Some  of  the  xenohths  [126,  127,  131,  all 
from  locality  2]  contain  groups  of  radiating  feldspar  laths  often  clustered  in  rounded 
patches  and  filling  apparent  druses  in  the  glassy  matrix. 

Several  of  the  xenoliths  show  in  thin-section  opaque  rod-hke  bodies.  The  central 
part  of  these  ‘rods’  consists  of  a  weakly  pleochroic  prismatic  mineral,  probably  hyper¬ 
sthene,  associated  with  much  dusty  black  ‘ore’.  The  glass  in  the  neighbourhood  of 
these  ‘rods’  is  crowded  to  an  exceptional  degree  with  cordierite  crystalhtes  which  are 
packed  along  the  sides  of  the  ‘rods’.  Some  of  these  bodies  are  bent  but  most  of  them 
are  straight  and  Dr.  Agrell  has  suggested  that  they  represent  old  fractures  in  the  original 
sediment  infilled  with  material  different  in  composition  to  the  surrounding  rock. 

G.  T.  Prior  (1907,  p.  105)  briefly  described  sandstone  xenohths  in  ohvine-basalt 
from  Castle  Pock  on  Hut  Point  Peninsula  and  somewhat  similar  xenohths  to  those 
described  above  were  among  the  numerous  inclusions  in  the  phonohtic  trach}d:e  of 
Mount  Cis  on  Erebus  described  by  J.  Allan  Thomson  (1916,  pp.  144-145).  Two 
xenohths  of  the  same  kind  were  found  in  kenyte  at  Cape  Poyds  and  Sentinel  Hih,  and 
Priestley  and  Debenham  both  collected  similar  slaggy  inclusions  at  Mount  Cis.  They 
differ  in  detail  from  the  Cape  Adare  xenohths  but  they  agree  in  their  abundance  of  quartz 
grains  and  the  nearly  colourless  glassy  base  (Campbell  Smith,  1954,  p.  26). 

These  xenohths  in  the  Mount  Cis  ‘trachyte’  were  explained  as  inclusions  of  sand¬ 
stone  and  David  and  Priestley  (1914,  p.  221)  had  no  doubt  that  they  were  derived 
from  the  Beacon  Sandstone  Formation  and  that  this  sandstone  must  he  at  depth 
below  the  volcanic  series  of  Ross  Island.  This,  no  doubt,  is  the  correct  explanation  of 
the  sandstone  xenohths  in  the  trachyte  of  Mount  Cis  on  Erebus,  but  a  more  hkely 
source  for  the  Cape  Adare  xenohths  is  the  greywacke  of  the  slate-greywacke  formation 
of  Robertson  Bay.  These  rocks  have  been  described  by  R.  H.  Rastall  and  R.  E. 
Priestley  (1921,  p.  127).  They  consist  mainly  of  quartz  in  angular  grains  with  chips 
and  grains  of  mudstone  and  slate,  and  with  some  feldspar,  and  mica  in  a  matrix  con¬ 
taining  quartz,  mica,  chlorite,  and  carbonates.  There  are  no  chemical  analyses  available 
of  these  greywackes  but  their  general  composition  would  seem  to  be  such  as  could 
supply  the  hypersthene- cordierite  assemblage  and  the  glassy  matrix  and  the  abundant 
quartz  grains  in  the  xenohths  in  basalt  described  above. 

White  Incrustation  on  Basalts 

The  white  coating  on  some  specimens  of  the  basalts,  mentioned  above  (p.  116)  may 
be  several  millimetres  thick  and  is  sometimes  stalagmitic  in  habit. 
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Qualitative  analysis  sliows  the  presence  of  Mg"  and  PO4'",  and  an  X-ray  powder 
photograph  identified  the  material  as  the  mineral  newberyite,  MgHP04.3H20. 

This  mineral  has  been  found  in  caves  containing  bat  guano  in  Skipton  Caves,  near 
Ballarat,  Victoria,  and  in  the  island  of  Reunion.* * * §  It  was  identified  by  C.  Richards| 
on  lava  collected  by  R.  A.  Daly  from  a  cavern  in  a  basalt  flow  on  Ascension  Island,  and 
Daly  recorded  that  ‘thin  deposits  of  phosphate  on  the  basalt  flows  occur  at  many 
places ’.J  More  recently  newberyite  has  been  recorded  in  cracks  in  fossil  mammoths’ 
tusks  found  buried  in  clay  in  Sverdlovsk  in  the  Urals. § 

In  the  occurrences  in  caves  bat  guano  supplies  the  phosphate  for  the  newberyite. 
At  Cape  Adare  it  must  be  derived  from  wind-blown  penguin  guano  on  Ridley  Beach. 
Priestleyll  has  described  how  these  deposits  are  carried  ofi;  each  year  in  the  winter  gales. 
The  magnesium  for  the  newberyite  is  presumably  supplied  by  the  weathering  of  the 
olivine-basalts. 

Artificial  material  with  the  composition  of  newberyite  is  formed  by  the  dehydration 
of  MgHP04 .  VHgO  at  ordinary  temperatures  and  this  heptahydrate  is  also  known  as  a 
mineral,  phosphor-rosslerite,  but  it  occurs  only  in  cold  wet  ‘muck’  (10°  C.)  in  an 
abandoned  mine  working  near  Schellgaden,  Salzburg,  Austria.^  Perhaps  phosphor- 
rosslerite  could  be  formed  under  Antarctic  conditions  in  winter.  If  so  the  newberyite 
may  be  its  dehydration  product. 

Phonolites  and  Trachytoid  Phonolite 

A  phonolite  and  a  phonolitic  trachyte,  both  possibly  in  situ,  were  collected  by 
Priestley  on  the  Northern  Party’s  first  climb  to  the  top  of  the  Cape.  These  were  found 
at  900  feet  above  sea-level.  The  same  phonolite  was  found  by  G.  P.  Abbott  on  a  later 
visit  and  it  is  interesting  to  note  that  Sir  Ernest  Shackleton  during  the  Discovery 
Expedition  of  1902  found  a  specimen  of  the  same  phonolite  at  ‘the  toj)  of  the  Cape’ 
[B.M.  87171,  23]. 

The  only  other  representatives  of  rocks  of  these  kinds,  apart  from  pebbles  on 
Ridley  Beach,  are  erratics.  They  come  from  two  sites:  (1)  a  remarkable  patch  of 
‘agglomerate’  exposed  on  the  northern  face  of  the  cliff  at  Cape  Adare;  and  (2)  the 
plateau  between  800  and  1,200  feet  above  sea-level  on  the  top  of  the  Cape. 

The  erratics  from  these  two  sites  will  be  described  below  (p.  129  and  p.  136). 


*  Dana,  E.  S.,  The  System  of  Mineralogy,  7th  edition,  1951,  vol.  2,  p.  710. 

t  Richards,  G.,  Anier.  Min.,  1928,  vol.  13,  pjj.  347-401. 

%  Daly,  R.  A.,  Proc.  Amer.  Acad.  Arts  and  Sci.,  1925,  vol.  60,  p.  10. 

§  Vertushkov,  G.  N.,  Mem.  Soc.  Russe  Min.,  1955,  ser.  2,  vol.  84,  p]?.  218-220. 

II  Priestley,  R.  E.,  British  (Terra  Nova)  Antarctic  Exp.  1910-1913,  Physiography,  1923,  p.  3,  footnote. 
^  Friedrich,  0.  M.,  and  Robitsch,  J.,  Zentr.  Min.,  Abt.  A,  1939,  pp.  142-155. 

It  is  worth  noting  here  that  white,  powdery  coatings  similar  in  appearance  to  the  newberyite,  but  more 
easily  removed,  were  found  on  some  loose  blocks  of  kenyte  on  Mount  Erebus  [B.M.  1953,  86  (16)]  but  they 
proved  to  be  thenardite,  Na2S04. 
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Phonolite 

The  phonolite  found  at  900  feet  above  sea-level  [226-228  and  230]  is  a 
dull  greenish  black  rock,  aphanitic  and  compact.  On  its  weathered  surfaces  it 
develops  a  mass  of  small  rounded  bodies  closely  packed  together  and  this  led 
to  its  being  first  described  in  the  field  as  a  variolitic  basalt  and  under  that  name  it 
is  figured  in  Priestley’s  memoir  on  the  Physiography  of  South  Victoria  Land 
(1923,  plate  42),  (Plate  1,  fig.  4).  Pebbles  of  the  same  phonohte  were  found  on 
Ridley  Beach  and  also  some  large  fragments  of  the  same  rock  but  without  the  peculiar 
weathering.  One  of  these  [322]  is  deep  olive-grey  in  colour  and  aphanitic,  the  other 
[351]  deep  slate-olive  and  has  many  small  insets  of  feldspar  in  an  aphanitic 
groundmass.  The  feldspar  insets  appear  to  be  anorthoclase.  Under  the  micro¬ 
scope  it  is  seen  that  there  are  also  occasional  micro-insets  of  pinkish  vinaceous 
pyroxene. 

The  groundmass  consists  of  abundant  laths  of  alkali-feldspar  and  small, 
rough-edged  prisms  of  aegirine-augite,  magnetite,  small  amounts  of  pleochroic 
gTeen  aegirine,  and  some  flakes  of  deep  brown  amphibole  or,  possibly,  cossyrite. 
Feldspar  is  the  dominant  light  mineral  but  there  are  also  abundant  colourless 
prisms  of  nepheline,  0-025  mm.  across,  and,  between  the  nephelines,  colourless 
isotropic  material  of  very  low  refractive  index  that  is  probably  sodahte.  The  aegirine 
of  the  groundmass,  where  well  developed,  forms  subophitic  plates  partially  enclosing 
the  feldspar  laths.  It  is  pleochroic  from  deep  grape-green  to  deep  ohve-bufi.  The 
pleochroism  of  the  amphibole  is  from  cinnamon-brown  to  very  dark  brovm,  almost 
opaque. 

Nothing  has  been  detected  in  the  imcrostructure  or  texture  of  the  groundmass  to 
account  for  the  weathering  out  of  the  globular  bodies.  On  broken  or  naturally  exposed 
surfaces  the  specimens  collected  high  up  on  the  Cape  show  small  polygons,  3  to  5  cm. 
across,  faintly  outlined  by  narrow,  pale  grey  margins.  One  of  the  pebbles  from  the 
beach  [348]  shows  circular  areas  of  dull  greenish  black  colour  in  a  very  pale  olive-grey 
base.  It  is  this  paler  weathering  material  which  weathers  out,  leaving  the  more  resistant 
parts  standing  out  as  rough  sj)heres. 

The  specimen  of  this  phonolite  collected  by  Abbott  at  1,000  feet  [674]  contains 
many  angular  fragments  of  aphanitic  black  basalt.  Some  of  them  are  3  cm.  across 
but  there  are  also  many  small  subangular  black  patches  no  more  than  a  millimetre  or 
two  across.  These  represent  basalts  through  which  or  into  which  the  phonolite  was 
intruded.  The  angular  fragments  are  mostly  compact,  aphanitic,  very  fine-grained 
olivine-basalts,  and  the  small  subangular  patches  show  enough  of  their  original  texture 
to  prove  that  they  also  are  basalt  xenoliths.  It  is  doubtful  if  any  of  them  can  be 
identified  with  any  of  the  basalts  described  above  as  in  situ  on  the  Cape  and  the  best 
that  can  be  said  is  that  a  representative  specimen  with  small  skeletal  olivine  micro¬ 
insets  and  abundant  laths  of  labradorite  in  a  dense  brownish  groundmass  resembles 
the  groundmass  of  the  porphyritic  olivine-basalts.  Type  C,  from  the  pseudo-cave  (p.  118). 
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Trachytoid  Phonolite 

A  somewhat  vesicular,  neutral  grey  lava  [231]  was  collected  with  the  phonolites  at 
900  feet  up  on  Cape  Adare.  The  colour  of  this  rock  ranges  from  neutral  grey  to  deep 
slate-olive.  Vesicles  are  small,  numerous,  and  very  irregular  in  form.  The  rock  is  very 
rough  to  the  touch  and  rather  resembles  in  texture  the  well-known  Niedermendig  millstone 
lava.  Only  a  few  very  ill-developed  insets  of  feldspar  are  visible  in  the  hand-specimen. 
Under  the  microscope  it  is  seen  that  there  are  small  micro-insets  of  a  pale  green 
pyroxene,  alkali-feldspar,  some  magnetite,  and  some  partially  resorbed  brown  hornblende. 

Prior  described  the  same  rock  from  a  specimen  in  the  Southern  Cross  collection 
[B.M.  87171,  31]  as  ‘showing  an  approach  to  the  hornblende-basalts’  (1902,  p.  329), 
presumably  on  account  of  its  resorbed  hornblendes. 

The  groundmass  consists  of  abundant  fibres  or  very  slender  prisms  of  a  tea-green 
pyroxene,  a  few  brown-stained  flakes  possibly  rej)resenting  amphibole,  and  many  small 
magnetite  cubes  in  a  base  of  slender  microliths  of  allvali-feldspar.  Microcheniical  tests 
show  that  a  feldsj)athoid  is  concealed  in  this  colourless  base  but  no  crystal  form  to 
suggest  nepheline  was  seen.  The  feldspar  microliths  average  0-03  mm.  in  length  and 
the  pyroxene  micro-insets  OT  mm.  Feldspar  insets  are  up  to  1  mm.  long.  The 
pyroxene  is  aegirine-augite  with  pleochroism,  a  pea-green,  olive-buft’,  y  tea-green. 
The  brown  hornblende  shows  a  long  prismatic  or  bladed  habit.  The  pleochroism  is  a.' 
warm  bufi:,  y'  Dresden  brown.  The  smaller  hornblende  insets  are  completely  replaced 
by  aggregates  of  small  opaque  grains.  There  are  also  in  this  rock  some  small  segregations 
of  brown  hornblende  with  stout  laths  of  plagioclase  of  much  coarser  grain  than  the 
feldspars  in  the  rest  of  the  rock.  They  are  rather  like  the  hornblendic  segregations 
described  by  Prior  in  the  trachytoid  phonolite  of  Observation  Hill  at  Hut  Point,  Boss 
Island  (1907,  p.  118  and  fig.  66). 

III.  THE  BOULDER-BEARING  AGGLOMERATE  ON  THE  NORTHERN 

FACE  OF  THE  CLIFF 

The  Agglomerate 

Priestley  discovered  and  collected  extensively  from  a  patch  of  a  remarkable 
agglomerate  exposed  on  the  northern  face  of  the  clifi  at  Cape  Adare.  He  has  described 
it  in  his  memoir  on  the  Physiography  of  the  region  (1923,  p.  11)  and  photographs  by 
Staff-Surgeon  G-.  Murray  Levick,  reproduced  by  kind  permission  in  this  report  (Plate  1 , 
figs.  1  and  2),  show  its  situation  on  the  cliff  and  the  remarkably  rounded  small  boulders 
and  cobbles  it  contains.  Priestley  saw,  and  recorded  in  his  diary,  in  this  agglomerate 
blocks  of  greenish  greywacke  and  of  other  rocks  resembling  dolerite  or  norite,  granites, 
schists,  etc.,  and  he  collected  many  specimens,  several  of  fair  size,  with  a  good  deal  of 
tuff  matrix  adhering  to  them. 

The  following  is  Priestley’s  own  account  of  the  finding  of  this  agglomerate,  written 

in  his  diary  at  the  time,  forty-six  years  ago : 
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‘3/10/11.  I  walked  out  further  than  I  have  yet  been  round  Cape  Adare  and  at  the 
farthest  place  I  reached  I  bore  in  towards  a  lenticle  of  brown  rock  dipping  as  all  the 
layers  do  about  5°  towards  the  west  and  within  a  hundred  feet  of  sea-level.  A  good 
deal  of  this  had  fallen  recently  on  the  ice-foot  and  I  collected  from  there.  The  rock 
proved  most  unusually  interesting  for  it  was  a  basalt  agglomerate,  rather  friable, 
containing  numerous  erratic  boulders  as  an  essential  part  of  its  composition.  The  most 
common  types  of  rock  were  the  green  quartzite  at  present  common  (as  an  erratic)*  on 
the  top  of  the  hill,  granite  of  chfferent  types,  diorite,  and  a  (rock  which  reminds  me 
strongly  of  a)*  hypersthene  norite  or  dolerite  rich  in  iron.  These  were  embedded  in  a 
loose  friable  cement  and  the  majority  of  the  pieces  I  obtained  came  away  from  the 
groundmass,  but  I  managed  to  secure  several  bits  of  the  main  types  of  erratics  with 
groundmass  attached  to  them.  The  erratics  were  not  in  one  plane  but  scattered  evenly 
through  the  blocks  and  the  jointing  had  taken  place  through  many  of  them.  The 
largest  blocks  I  saw  were  a  block  of  quartzite  whose  exposed  face  was  approximately 
12  inches  by  14  inches  and  a  block  of  the  dolerite  or  norite  which  was  well  rounded  and 
of  the  typical  triangular  shape  assumed  by  so  many  of  the  erratics.  Its  exposed  face 
was  about  18  inches  in  greatest  length  by  9  inches  in  greatest  width.  ...  I  also  collected 
two  or  three  specimens  of  a  light  yellow  tuff  that  had  fallen  from  some  round,  exposed 
sections  in  the  cliff.  These  masses  of  tuh  in  the  cliff  were  generally  rounded  and  very 
small  and  might  be  called  “pockets”. 

‘  22/10/11 .  Levick  and  I  waUced  out  beyond  Cape  Adare  and  took  three  photographs 
of  and  collected  a  couple  of  dozen  specimens  from  the  erratic-bearing  agglomerate  .  .  . 
secured  several  very  convincing  specimens  of  fair  size  of  undoubted  erratics,  including 
some  granite  boulders  with  a  good  deal  of  matrix  adherent  to  them.’ 

This  agglomerate  presents  quite  a  problem.  It  apparently  contains  blocks  which 
Priestley  thought  must  be  ice-borne,  but  its  matrix  is  undoubtedly  a  volcanic  tufi  and 
all  the  specimens  collected  are  of  volcanic  rocks  but  many  of  these  are  rocks  related  to 
types  at  present  known  only  as  erratics  on  the  plateau  at  the  top  of  the  Cape.  Others, 
as  will  be  shown,  have  the  characters  of  sanidinites  and  are  thus  quite  in  keeping  with 
the  interpretation  of  this  deposit  as  volcanic. 

The  matrix  adhering  to  the  ‘boulders’  collected  is  a  fine-grained  pale,  cinnamon- 
drab,  sandy-textured  aggregate  containing  many  angular  fragments  of  rock  and  great 
numbers  of  very  small  lapilli.  The  rock  fragments  are  for  the  most  part  fine-grained 
rocks.  Some  of  them  are  like  trachytic  and  phonolitic  rocks,  others  are  fine-grained 
dark  basaltic  rocks.  Under  the  microscope  it  can  be  seen  that  the  matrix  is  itself  an 
aggregate  of  small  lapilli  of  volcanic  rocks  with  here  and  there  a  fragment  of  a  clastic, 
sedimentary  rock  such  as  could  be  derived  from  the  slate-gTe}W'acke  formation  of  the 
district.  A  considerable  variety  of  rocks  is  represented  among  the  lapilli  but  the 


*  The  two  phrases  in  parentheses  are  additions  from  the  quotation  printed  on  p.  11  of  Priestley's 
memoir  on  the  Physiography  referred  to  above. 
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majority  are  alkali-trachytes  and  trachytoid  phonolites.  Some  are  piimiceous  glassy 
types  with  abundant  little  crystals  of  feldspar  and  brown  hornblende,  and  many  are  of 
various  kinds  of  fine-grained  basalts,  and  a  very  few  are  of  sedimentary  rock.  The  base 
in  which  these  lapilli  are  packed  is  extremely  fine-grained  and  consists  of  broken  glass 
with  crowds  of  minute  crystallites  of  colourless  pyroxene,  brown  hornblende,  and 
feldspar.  These  crystallites  are  extremely  small  and  more  definite  identifications 
would  be  difficult.  There  are  some  fragments  of  larger  crystals  of  feldspar,  pyroxene, 
and  hornblende  lying  among  the  lapilli. 

In  addition  to  this  well-consolidated  cinnamon-drab  tuff  in  which  the  fragments 
and  ‘boulders’  are  imbedded,  two  other  kinds  of  volcanic  tufi  were  collected  from  this 
agglomerate  exposure. 

One  of  these,  represented  by  half-a-dozen  specimens  [652,  653,  654,  658,  660,  661],  is 
a  trachyte-tufi.  It  is  pale  buff  in  colour,  rather  friable,  and  consists  of  close-packed 
small  buff-coloured  pellets  2  to  3  mm.  in  diameter  in  a  soft  matrix.  There  are  also  a 
few  small  sub-angular  fragments  of  fine-grained  basalt  but  these  are  rather  scarce. 
The  buff-coloured  pellets  and  the  soft  matrix  are  pumice,  mostly  comminuted,  but  even 
in  the  smallest  fragments  crowded  with  crystallites  of  feldspar.  There  are  a  few  larger 
fragments  of  pumice,  some  of  a  glassy  trachyte  with  small  insets  of  feldspar,  and  some 
fragments  of  anorthoclase  and  of  pyroxene. 

The  other  specimen  [672]  is  also  trachyte-tuff  but  olive-green  in  colour.  This 
consists  mainly  of  small  lapilli,  3  to  4  mm.  across  and  ranging  up  to  1  cm.  in  diameter. 
Most  of  the  lapilli  are  of  trachyte,  though  there  are  also  many  of  dense  glassy  basalt, 
and  scattered  fragments  of  pyroxene  and  plagioclase,  and  fragments  of  pumice.  The 
very  fine-grained  base  is  a  colourless  glass  with  microliths  of  feldspar.  It  is  much 
richer  in  microhths  than  the  paler  glassy  trachyte  tuff  described  above. 

It  is  not  known  how  these  trachyte-tuffs  are  distributed  or  what  their  relation  is 
to  the  more  consolidated  ‘  boulder ’-bearing  agglomerate  at  this  exposure. 

SODALITE-TRACHYTES 

Many  of  the  ‘boulders’  collected  from  the  ‘agglomerate’,  some  with  the  matrix 
still  adhering  to  them,  prove  to  be  sodalite-trachytes,  grading  in  some  specimens  into 
trachytoid  phonolites.  Most  of  them  are  somewhat  coarse-grained  for  lavas.  Weather¬ 
ing  has  slightly  altered  many  of  them  and  the  colours  range  from  greyish  olive  and 
slate-olive  in  the  freshest  and  coarser-grained  specimens  to  drab  and  hair-brown  in  the 
more  compact  and  finer- grained  ones. 

In  thin  section  these  rocks  are  seen  to  be  porphyritic  with  abundant  small  insets 
and  micro-insets  of  alkali-feldspar  in  a  groundmass  of  alkali-feldspar  with  abundant 
small  micro-ophitic  patches  of  green  pyroxene  and  opaque  material,  probably  altered 
amphibole.  All  show  in  the  base  patches  of  isotropic  sodalite  occurring  as  poecilitic 
patches  enclosing  feldspar  laths  of  the  groundmass.  The  sodalite  is  colourless  when 
fresh  but  it  is  usually  slightly  stained  brown  in  the  drab  and  hair-brown  coloured 
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specimens.  Most  sections  of  these  rocks  show  occasional  micro-insets  of  nepheline, 
partly  fresh  and  partly  isotropic  and  brown-stained  like  the  sodahte.  These  nephelines 
sometimes  have  a  partial  fringe  of  dark  green  pyroxene.  In  some  specimens  nepheline 
seems  sufficiently  abundant  to  warrant  their  reference  to  trachytoid  phonohtes  and 
one  of  these  is  mentioned  below. 

Another  occasional  constituent  of  these  rocks  is  olivine  as  irregular  rounded  crystals 
up  to  0-6  mm.  across.  These  are  slightly  yellow  in  thin  section.  In  some  cases  they  are 
surrounded  by  a  border  of  dark  green  pyroxene  (Plate  3,  fig.  5).  Opaque  ore  is  present 
in  some  sections  but  most  of  the  opaque  material  seen  is  probably  altered  amphibole. 

The  feldspar  of  the  insets  is  anorthoclase.  Universal  stage  measurements  showed 
that  the  plane  of  the  optic  axes  is  normal  to  (010),  and  a  determination  of  the  optic 
axial  angle  gave  2V=50°,  negative  (values  plotted  for  V  ranged  between  24°  and  30°). 
The  insets  are  generally  rectangular  in  section  and  are  often  in  roughly  parallel  ahnement. 
Many  of  them  are  Carlsbad  twins.  Some  indistinct  twinning  and  cross-hatching  was 
observed  in  certain  positions  of  the  sections. 

The  pyroxene  is  mostly  aegirine-augite.  Measurements  of  extinction  angles,  c ;  a  range 
from  35°  to  40°.  Basal  sections  are  pleochroic,  the  colours  ranging  from  pale  ohve-bufi 
to  deep  olive-buff  and  chamois  for  vibrations  corresponding  to  y';  and  for  vibrations 
in  the  a  and  jS'  directions,  shamrock-green  and  light  grape-green  to  deep  greenish  glaucous. 

Some  aegirine  is  also  present  among  the  groundmass  pyroxenes.  In  one  specimen  [663] 
prismatic  sections  gave  c :  a  =  6°,  and  pleochroism  a'  near  grape-green,  y '  apricot-yellow. 

There  are  several  variations  from  this  average  type  in  addition  to  the  colour 
variations  already  noted.  One  of  these  [656]  has  abundant  micro-insets  of  a  pale 
green  aegirine-augite.  Hand-specimens  of  this  variety  are  greenish  grey  (storm-grey) 
in  colour,  rather  coarse-grained  for  trachyte,  and,  like  the  others  described  above,  they 
show  a  sheen  from  feldspar  cleavages  on  fractured  surfaces. 

A  more  fine-grained  and  more  compact  example  of  the  same  variety  is  slate-olive 
in  colour  [697].  Aegirine-augite  micro-insets  in  this  rock  are  similar  to  those  described 
above  but  c:a  =  43-5°.  A  frequent  accessory  constituent  in  this  rock  is  opaque  ‘ore’, 
often  with  hexagonal  outlines,  probably  magnetite.  The  groundmass  consists  of 
abundant  laths  of  alkali-feldspar  in  partly  parallel  aliiiement,  with  small  patches  of 
pale  green  aegirine  and  pale  brownish-fawn  amphibole,  both  abundant.  There  are 
some  areas  in  which  the  feldspars  lie  in  patches  of  low  refracting  material  of  very  low 
birefringence,  probably  a  zeolite.* 


*  A  sjiecimen  [703]  otherwise  resembling  656  and  697,  shows  in  the  hand-specimen  rounded  areas, 
1  to  2  mm.  across,  slate-olive  in  colour,  in  a  cream-coloured  base.  This  colour  distribution  is  related  to 
alteration  affecting  the  base  of  the  groundmass  of  the  rock.  The  thin  sections  show  that  the  dark  rounded 
areas  are  slightly  turbid  and  dusty.  The  groundmass  feldspars  lie  in  an  apparently  isotropic  base  of 
low  refractive  index.  In  the  turbid  areas  this  base  has  vast  numbers  of  very  small  (less  than  2p.),  round, 
colourless  inclusions,  apparently  of  low  refractive  index.  The  nature  of  these  bodies  is  not  yet  known. 
Similar  round  dark  ‘varioles’  are  seen  in  667  but  they  do  not  seem  to  show  up  in  the  thin  section  in  the 
same  way. 
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Another  variation  [689]  is  a  paler- coloured  Hrachjde’,  vetiver-green  to  greyish  olive 
in  colour,  in  which  the  groundmass  laths  of  feldspar  tend  to  be  grouped  in  radiating 
sheaves.  With  the  feldspar  are  associated  very  abundant  grains  of  pyroxene  and 
altered  brown  amphibole  and  many  tiny  grains  of  opaque  ‘ore’,  and  some  isotropic 
and  some  altered,  birefringent  base.  Occasional  small  insets  of  brown  hornblende  with 
c:<x  =  ll°  show  pleochroism  a'  deep  grape-green,  y'  cinnamon-buff. 

One  other  variation,  a  sodalite-trachyte  with  a  remarkably  high  proportion  of  dark 
minerals,  is  a  compact  aphanitic  rock,  deep  brownish-drab  in  colour  [705b].  This 
contains  only  a  few  small  (2-5  mm.)  insets  of  alkali-feldspar  and  occasional  olivine 
crystals  up  to  0-5  mm.  across.  The  main  constituent  is  alkali-feldspar  which  forms 
very  slender  laths,  close  packed  and  in  parallel  alinement.  Throughout  the  feldspar 
and  enclosed  by  them  are  vast  numbers  of  minute  sodalite  crystals,  some  showing 
hexagonal  shapes  and  up  to  0-014  mm.  across  but  mostly  less.  The  dark  minerals  are 
aegirine  and  altered  cossyrite  crystals.  They  form  perhaps  20%  of  the  rock,  and  are 
partly  responsible  for  the  dark  colour  of  this  specimen,  but  in  addition  a  colloidal 
brown  mineral  (ochraceous  tawny)  forms  films  on  feldspars  and  coats  fractures  and 
cleavage  surfaces.  Other  fragments  similar  in  appearance  to  this  rock  are  frequent  in 
specimens  of  the  enclosing  agglomerate. 


Trachytoid  Phonolite 

A  variation  of  these  sodalite-trachytes  that  is  probably  best  described  as  a 
trachytoid  phonolite  [664]  is  a  compact,  dark  greyish  olive  rock  with  many  small 
indistinct  insets  of  alkali-feldspar  in  an  aphanitic  crystalline  groundmass.  The  insets 
are  anorthoclase ;  they  are  rectangular  in  section  and  show  Carlsbad  twins  with 
occasionally  traces  of  indistinct  cross-hatching.  There  are  many  micro-insets  of  the 
same  kind  of  feldspar,  so  that  the  fabric  is  seriate  porphyritic.  There  are  a  few  small 
insets  also  of  green  aegirine-augite  similar  to  that  described  above.  The  pleochroism 
is  a'  dark  greenish  glaucous,  /3  near  grape-green  and  y'  cream-buff.  2V  is  near  70°, 
negative.  Magnetite(  ?)  with  hexagonal  sections  (cubo-octahedra)  is  a  frequent  accessory. 

The  groundmass  is  very  fine-grained  and  consists  of  a  greyish  green  turbid  pyroxene(  ? ) 
and  deep  brown  amphibole  or  cossyrite  in  very  small  micro-ophitic  patches  or  free  as 
small  crystals.  These  lie  all  through  the  groundmass  of  slender  laths  of  alkali-feldspar 
set  in  a  faintly  brown-stained  low-index  base  that  is  partly  isotropic.  This  base  is 
probably  nepheline  rather  than  sodalite  and  it  is  on  that  assumption  that  the  rock  is 
classified  as  phonolite  and  described  separately  from  the  sodalite-trachytes. 


Alkali-trachytes 

Some  of  the  boulders  in  the  agglomerate  lacking  the  sodalite  that  is  so  constant 
in  the  sodalite-trachytes  described  above  are  best  separately  listed  under  alkali- trachytes. 
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These  [657,  702]  are  deep  olive-grey  to  dawn-grey  in  colour  and  fine-grained  and  compact 
with  insets  of  feldspar  2  to  3  mm.  long. 

Thin  sections  show  the  feldspars  to  be  simple  Carlsbad  twins  of  anorthoclase  with 
traces  of  vague  twinning.  They  are  abundant  and  there  are  also  frequent  micro-insets 
of  aegirine-augite.  The  pyroxene  is  rather  similar  to  those  described  above  vdth  weak 
pleochroism;  deep  dull  yellow-gneen,  reed-yellow  to  ohve-yellow.  Another  frequent 
constituent  is  olivine  as  small,  pale  yellowish,  irregular  crystals  and  small  magnetites(?) 
are  also  common.  The  groundmass  consists  mainly  of  short  crystals  of  alkah-feldspar, 
slightly  elongate  but  with  irregular  edges  and  not  showing  parallel  ahnement.  With 
these  are  small  fragments  of  pale  green  pyroxene  and  dark  brovm  amphibole  or  cossyrite?, 
both  frequent.  The  pyroxene  and  amphibole  are  in  micro-ophitic  relation  to  the 
feldspar.  The  groundmass  feldspars  are  single  crystals  or  Carlsbad  twins,  and,  in 
many  sections,  they  give  straight  extinction  parallel  to  010. 

Sanidinites 

The  rock  fragments  in  the  agglomerate  that  were  referred  to  above  as  sanidinites 
are  leucocratic,  rather  friable  rocks  with  grain-size  about  5  mm.,  but  a  few  are  fine¬ 
grained,  1  to  2  mm.,  and  speckled,  pepper-and-salt  rocks  quite  resembling  fine-grained 
diorites  in  appearance. 

The  best  example  of  these  rocks  [686]  is  a  small  boulder,  5x7x10  cm.,  pale  cream- 
coloured,  and  rather  friable  and  granular  in  texture.  It  consists  mainly  of  feldspar 
speckled  with  black  crystals  and  flakes,  among  which  a  black  mica  is  conspicuous  and 
occasionally  forms  flakes  8  mm.  across.  The  feldspars,  which  are  fresh  and  have  a  glassy 
lustre,  are  sometimes  as  much  as  10  mm.  long  by  2  mm.  wide,  and  crystals  4-5  mm.  in 
length  are  frequent,  but  the  average  grain-size  is  about  2  to  3  mm.  In  this  specimen 
all  the  feldspar  proves  to  be  anorthoclase.  The  crystals  are  allotriomorphic  and  have 
one  cleavage  (001 ) ,  very  well  developed  in  thin  sections.  Some  of  the  crystals  show  rather 
patchy  extinction  and  a  few  show  vague,  very  thin,  twin  lamellae. 

A  pure  sample  of  this  feldspar  was  prepared  by  Mr.  P.  M.  Game  and  was  analysed 
by  Mr.  D.  I.  Bothwell  with  the  result  given  in  column  1  of  the  table  below.  Inspection 
of  the  sample  under  a  binocular  microscope  showed  the  only  impurity  to  be  a  few  flakes 
of  biotite  and  the  proportion  of  these  present  was  very  small  indeed. 

The  analysis  shows  that  there  is  a  small  deficiency  in  both  Si02  and  AlgOg  below 
the  percentages  required  to  satisfy  both  alkalies  and  lime  for  feldspar  but  the  effect  of 
this  on  the  calculated  ratio  of  feldspar  molecules  is  very  small.  Allotting  all  the  CaO 
to  anorthite  and  deducting  sufficient  of  the  orthoclase  molecule  to  satisfy  MgO  and 
FeO  (Fe203)  for  biotite,  the  composition  may  be  fairly  stated  as  Or :  Ab :  An  =  36 : 62-6 : 1  -4. 
The  specific  gravity,  determined  by  Mr.  Bothwell,  is  2-57  ±0-01. 

Measurements  on  the  universal  stage  gave  values  for  V  from  25  to  26b°,  negative, 
and  refractive  indices  for  sodium  light  were  determined  by  the  Becke  line  method  as, 
a'  1-5259,  y'  1-5318,  ±  0  0005. 
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Comparing  these  values  with  those  given  by  0.  F.  Tuttle  (1952,  pp.  557  and  559) 
for  2V  and  for  refractive  indices  of  the  alkali-feldspars  both  2V  and  «'  and  y'  are  high 
for  a  feldspar  of  the  composition  OrggAb-f  Ang4.  They  are,  however,  sufficiently  near 
to  Tuttle’s  values  to  show  that  the  feldspar  analysed  falls  in  his  ‘  sanidine-anorthoclase 
cryptoperthite  ’  series.  Among  the  feldspars  measured  by  Tuttle  the  one  nearest  in 
composition  to  the  feldspar  now  described  is  anorthoclase  from  the  Azores.  Its 
composition  and  the  values  for  2V  and  refractive  indices  are  given  in  column  2  of  the 
table. 

TABLE  II 


1 

2 

SiO., 

66-8 

66-97 

T102 

nil 

0-04 

A1203 

19-1 

18-75 

FegOa 

0-2 

0-88 

FeO 

MnO 

nil 

— 

MgO 

0-2 

0-00 

CaO 

0-3 

0-36 

NajO 

7-7 

7-88 

K2O 

6-4 

5-39 

P2O5 

tr. 

— 

H3O  + 

nil 

0-01 

H2O- 

nil 

0-03 

Total 

100-7 

100-31 

Or 

36 

32 

Ab 

62-6 

66 

An 

1-4 

2 

2V 

(50°) 

46° 

/ 

a 

1-5259 

al-5239 

^1-5299 

r 

y 

1-5318 

yl-5308 

1.  Anorthoclase  from  sanidinite,  Cape  Adare.  Anal.  D.  1.  Both  well. 

2.  Anorthoclase  from  ‘Grande  Caldeira’  [Caldeira  das  Sete  Cidades,  Sao  Miguel],  Azores.  Anal. 
J.  H.  Scoon.  (0.  F.  Tuttle,  Amer.  Journ.  Sci.,  1952,  Bowen  Volume,  j).  555.) 


ft  seems  certain  that  the  feldspar  in  the  sanidinite  [686]  is  all  of  one  kind  and  that 
it  is  correctly  assigned  to  anorthoclase.  (Plate  3,  fig.  3.) 

In  some  of  the  other  specimens  of  the  sanidinites  from  this  deposit  there  appear 
to  be  two  kinds  of  feldspar  in  that  some  of  the  feldspar  crystals  show  fine  albite- twinning 
more  definite  than  the  rather  patchy  and  obscure  lamellar  twinning  shown  by  some 
anorthoclase.  Also  in  these  rocks  determinations  of  refractive  indices  by  the  immersion 
method  indicate  that  the  feldspar  showing  fine  twin-lamellae  has  a  higher  refractive 
index  than  the  untwinned  feldspars  in  the  same  rock. 
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Values  obtained  for  the  refractive  indices  for  sodium  light  were: 

Untwinned  feldspar:  a'  1-5235;  y'  l-529-l'o30. 

Twinned  feldspar:  a  l-528-l-o34;  y'  l-536-l-o38. 

The  extinction  angle  measured  from  the  trace  of  the  twin  lamellae  is  5°. 

The  values  obtained  for  the  tmnned  feldspar  are  still  within  the  range  for 
anorthoclase,  though  they  could  also  fit  for  a  plagioclase  vdth  An  up  to,  say,  8  per  cent. 

The  dark  minerals  are  brown  amphibole,  green  pyroxene,  biotite,  and  some  opaque 
‘ore’. 

The  amphibole  has  intense  absorption  parallel  to  /3  and  in  basal  sections  pleo- 
chroism  is  tawny  olive  to  black.  The  absorption  for  vibrations  along  the  length  of 
longitudinal  sections  is  also  very  strong,  and  it  was  not  possible  to  determine  certainly 
the  angle  of  extinction  or  the  sign  of  elongation.  One  section  gave  an  extinction  angle 
of  33°.  These  characters,  so  far  as  they  go,  agree  with  those  of  aenigmatite  or  cossyrite. 

The  pyroxene,  in  686,  is  aegirine-augite,  similar  to  that  in  the  sodalite-trachytes 
described  above.  Pleochroism  is:  a'  deep  bluish  glaucous,  deep  ohve-buff,  y'  tea- 
green.  c:a  =  31°.  Some  of  the  pyroxenes  have  darker  outer  shells,  and  there  are  some 
crystals  all  aegirine  with  c:a  =  \2°,  and  in  one  specimen  [653]  c:a  =  9°,  and  pleochroism 
is  a  very  dark  green,  y'  deep  colonial  buff. 

The  biotite  is  intensely  pleochroic  from  ochraceous  buff  and  Dresden  brown  to  black. 

The  three  dark  minerals  are  closely  associated  and  they  may  form  a  reaction  series. 
Some  sections  show  amphibole  surrounding  pyroxene  and  in  places  both  partially 
surround  the  biotite,  but  the  reverse  relation  can  also  be  seen. 

In  some  cases  the  ferromagnesian  minerals  have  undergone  resorption.  Thus,  in 
659,  relics  of  brown  amphibole  lie  in  a  dense  swarm  of  rods  and  tiny  cubes  of 
magnetite  (?),  a  few  flakes  of  biotite,  and  prisms  of  aegirine. 

Accessory  minerals  identified  are  apatite  and,  in  some  specimens,  sphene.  The 
latter  is  abundant  in  a  dark  variant  of  the  sanidinites  described  below.  Calcite  occurs 
filling  interstices  in  one  specimen  [686]  and  the  same  specimen  contains  colourless 
interstitial  patches  that  may  represent  altered  cancrinite  (see  below,  footnote  p.  133). 

The  texture  of  these  sanidinites  varies  somewhat.  In  some  [686]  it  is  allotrio- 
morphic  as  described  above,  but  in  others  [653,  659]  it  is  hypidiomorphic  with  the 
feldspars  tending  to  form  laths  and  thin  plates  4  or  5  mm.  long.  In  some  specimens 
between  the  larger  feldspars  there  are  areas  where  the  feldspar  is  fine-gTained  and 
granular,  and  others  where  it  is  fine-grained  but  occurring  as  laths  and  divergent  radial. 
In  such  areas  dark  minerals  are  more  frequent  and  the  biotite  is  pale  brown  and  shows 
much  less  intense  absorption  than  in  the  coarser-grained,  more  normal,  parts  of  the 
sanidinites.  Thus  its  pleochroism  in  659  is  ochraceous  orange  to  light  buff  or  pale 
ochraceous  buff'.  One  sees  in  some  of  these  fine-grained  areas  an  approach  to  the  mineral 
composition  of  some  of  the  alkali-trachytes  and  the  resemblance  is  enhanced  by  the 
presence  of  some  interstitial  patches  of  a  colourless,  weakly  birefringent  mineral,  perhaps 
a  zeolite. 
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A  darker  variety  [67 1 b],  rather  finer  grained  than  the  more  leucocratic  examples, 
owes  its  darker  colour  to  very  evenly  distributed  ferromagnesian  minerals  which  are 
present  in  considerable  abundance.  There  are  a  few  larger  feldspars,  5  to  8  mm.  across, 
but  apart  from  these  the  rock  is  very  even-grained,  1  to  2  mm.  The  texture  is  allotrio- 
morphic  granular,  though  the  feldspars  tend  towards  a  tabular  habit.  The  feldspars 
are  Carlsbad  twins  and  some  show  vague  albite- twinning.  They  are  almost  certainly 
anorthoclase. 

The  ferromagnesian  minerals  are  a  brown  amphibole,  a  pyroxene,  and  biotite. 

For  the  amphibole  c:y=  11°,  and  the  pleochroism  is  a'  cinnamon-buff,  jS'  olive,  and 
y'  biiffy  olive. 

The  pyroxene  is  aegirine-augite.  c:a  =  30°.  Pleochroism:  a'  deep  malachite-green, 
/3'  malachite-green,  and  y'  pale  olive-yellow  to  reed- yellow. 

The  biotite  is  intensely  pleochroic  from  ochraceous  buff  to  clove-brown,  almost 
opaque. 

All  these  ferromagnesian  minerals  are  well  crystallized  and  they  tend  to  be  closely 
associated  and  clustered  together.  Sphene  is  also  present  in  these  groups  as  well  as 
some  apatite  which,  in  this  specimen,  is  also  present  as  an  accessory  mineral  throughout. 

C ancrinite-bearing  Sanidinite 

One  of  the  sanidinites  differs  from  all  the  others  in  containing  cancrinite.  It  is  a 
small  fragment  only  about  3  cm.  across  and  is  the  only  one  of  its  kind  found  in  the 
collection.  This  is  unfortunate,  as  the  feldspars  present  an  interesting  problem. 

The  specimen  consists  mainly  of  feldspar,  rectangular  and  tabular  in  habit,  up  to 
8  mm.  long  and  2  mm.  across.  The  dark  mineral  is  biotite  forming  glistening  black 
flakes  and  under  the  microscope  showing  intense  pleochroism,  buckthorn-brown  to 
opaque.  Neither  amphibole  nor  jDyroxene  was  observed.  Sphene  is  quite  frequent 
and  there  is  some  interstitial  calcite.  The  cancrinite,  colourless  in  thin  section,  occupies 
roughly  triangular  interstitial  areas  between  the  feldspars.  For  the  most  jjart  it  is 
fresh  and  shows  its  characteristic  high  birefringence,  low  refractive  index,  and  negative 
elongation.* 

The  feldspar  in  this  rock  is  of  considerable  interest.  Many  of  the  feldspars  show 
an  approach  to  rectangular  forms.  Many  broad  plates  show  no  twinning,  others  more 
rectangular  in  outline  show  albite  lamellae;  all  the  sections  show  mottling  due  to  the 
association  of  the  two  kinds.  The  twinned  feldspar  is  mottled  by  intergrown  un¬ 
twinned  feldspar  of  lower  index.  In  the  platy  sections  that  show  no  twinning  the 
birefringence  as  well  as  the  refractive  index  is  higher  in  the  host. 


*  In  the  tyjhcal  sanidinite  described  above  [686]  there  are  some  interstitial  areas  filled  with  a  granular 
aggregate  of  colourless  minerals  that  may  possibly  represent  altered  cancrinite.  The  minerals  have  not 
been  identified.  They  comprise:  rounded  grains  of  an  isotropic  mineral  of  low  refractive  index;  groups 
of  radiating  blades  and  fibres  of  another  apparently  isotropic  mineral  with  refractive  index  less  than  balsam ; 
and  a  third,  rather  turbid  and  highly  birefringent,  that  may  be  calcite.  In  the  same  specimen  calcite  is 
seen  occasionally  filling  interstices. 
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Measurements  on  the  Universal  stage  show  that  the  untwinned  feldspar  that  forms 
patches  and  cores  in  the  clearer,  more  highly  refractive  feldspar  has  the  optical  orientation 
of  sanidine  and  is  almost  uniaxial.  Measurements  by  Mr.  P.  M.  Game  on  some  half- 
dozen  selected  crystals  gave  the  following  data:  a  010;  a  a  the  u-axis  [1(XI]  =  9'-; 
001  a010=89°;  [001]  A  (001)  =  26°;  2V=  approximately  0°. 

The  approximation  to  zero  of  2V  was  checked  many  times  on  crystals  of  difiering 
orientation. 

The  refractive  indices  for  the  rmtwinned  feldspar  in  this  rock  for  sodium  hght  are : 
a  1-5199,  P'  1-5239  +  O-OOOo.  These  are  not  far  from  values  given  by  E.  Spencer  for 
sanidine  from  the  Eifel,  for  which,  however,  2V=24°  (Spencer,  1937,  p.  458  and  pi.  18) 
or  17°  (Tuttle,  1952,  p.  555).  The  composition  of  the  Eifel  sanidine  is  Or-gAbgiAnj^. 

The  twinned  feldspar  in  the  section  has  proved  very  difficult  to  identify.  All  the 
sections  approximately  perpendicular  to  (010)  show  fine  twin-lamellae  parallel  to  that 
plane,  but  in  the  great  majority  of  sections  the  lamellae  are  too  fine  to  permit  of 
measurements.  However,  fairly  good  readings  were  obtained  on  four  more  coarsely 
twinned  crystals.  The  mean  value  for  the  orientation  given  by  these  four  are: 
a  A[100]=15°,y  A  A(010)=  15°,  and 2^"^=  85-6°  (on  one  direct  measurement).  Refractive 
index  measurements  gave  for  twinned  cleavages:  a'  1-5296,  y'  1-5363  for  sodium  hght. 
These  values  and  the  optical  data  (except  the  negative  sign  of  the  optic  axial  angle) 
agree  tolerably  well  with  albite  near  An4  referred  to  the  optical  orientation  based  on 
universal  stage  measurements  and  with  albite  near  Aug  judged  by  the  refractive  indices. 

As  there  is  so  httle  material  available  one  cannot  proceed  with  more  detailed 
investigation  of  these  interesting  feldspars.  The  data  obtained  seem  to  indicate  that 
the  mixed  feldspar  is  an  antiperthite  consisting  of  near  uniaxial  sanidine  in  an  albite  host. 

In  this  connection  it  is  interesting  to  note  that  P.  Quensel  (1914,  p.  166),  describing 
the  alkaline  rocks  of  Almunge  in  Sweden,  records  two  kinds  of  feldspar  associated  with 
the  cancrinite,  nephehne  and  albite  in  the  canadites.  These  are  soda-orthoclase  (in  the 
sense  of  Brogger,  i.e.  showing  no  twinning),  and  microchne-microperthite  (antiperthite) 
in  which  patches  of  microchne  are  distributed  in  large  albite  crystals.  This  microchne- 
microperthite  (antiperthite)  is  however  scarce  in  typical  canadites. 

In  another  weU-knovui  cancrinite-bearing  nephehne-syenite,  htchfieldite,  anti¬ 
perthite  with  patches  of  microchne  in  large  albite  crystals  is  described  by  W.  S.  Bayley 
in  his  description  of  this  rock  (1892,  p.  237). 

If  the  original  feldspar  in  this  cancruiite-bearing  sanidinite  was  originaUy  a  patchy 
antiperthite  the  present  nearly  uniaxial  sanidine  may  be  the  result  of  subsequent  heating 
of  the  'bomb’  in  the  deep-seated  part  of  the  Cape  Adare  volcano. 

Published  records  of  uniaxial  natural  sanidines  are  very  rare.  A.  Mulheims  (1888, 
p.  235)  reported  sanidine  from  AVehr  in  the  Eifel  as  uniaxial  but  this  was  on  the  basis 
only  of  refractive  index  measurements  for  which  he  found  jS  and  y  to  be  equal.  He 
is  quoted  by  0.  Miigge  (1925,  p.  666)  as  authority  for  2E  =  0°  for  this  sanidine.  Miigge 
also  quotes  Des  Cloiseaux  (1862)  as  haffing  foimd  2E=17°  for  red  hght  for  ‘orthose’ 
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(sanidine),  also  from  Wehr.  More  recently  0.  F.  Tuttle  (1952,  p.  5)  quotes  F.  Tucan  for 
2V=  15-18°  for  a  feldspar  in  dacite  from  Yugoslavia  with  composition  Or52Ab43An5. 

The  identification  of  these  medium-gTained  feldspathic  rocks  in  the  agglomerate 
as  sanidinite  is  well  supported  by  their  close  similarity  to  described  sanidinite  bombs 
from  other  volcanic  areas.  In  this  connection  the  sanidinites  of  Sao  Miguel  in  the 
Azores  have  already  been  mentioned.  These  were  described  in  some  detail  by  A.  Osann 
(1888,  p.  117)  and  more  recently  by  P.  Esenwein  (1929,  p.  125),  who  gave  a  new 
analysis,  and  determined  2V  for  the  feldspar  as  60°,  negative,  and  extinction  a:a=13° 
(op.  cit.  p.  111). 

In  the  Laacher  See  district  in  Germany  the  name  sanidinite  has  been  used  in  a  wide 
sense  to  include  a  great  variety  of  ejected  blocks  in  the  tuff,  but  there  are  also  great 
numbers  of  sanidinites  consisting  mainly  of  feldspar,  and  it  is  interesting  to  note  that 
cancrinite  has  been  described  from  some  of  these  by  R.  Brauns  and  J.  Uhlig  (1913). 
It  had  been  described  earlier  as  scapolite.  The  canrinite-bearing  bombs  are  regarded 
as  original  syenitic  material  (1913,  p.  210). 

The  sanidinites  have  no  known  near  analogues  among  South  Victoria  Land  rocks 
at  present  described.  They  do  not  closely  resemble  the  sanidinites  in  the  Mount  Cis 
‘trachyte’  described  by  J.  Allan  Thomson  (1916,  jd.  131),  which  are  rich  in  pyroxene 
and  in  olivine  and  carry  neither  amphibole  nor  biotite. 

An  erratic  from  Cape  Boyds  described  by  W.  G.  Woolnough  (1916,  p.  172)  as  sodalite- 
syenite  (1916,  p.  172,  No.  535)  has  a  similar  mineral  assemblage  to  the  sodalite-trachytes 
of  Cape  Adare  but  no  occurrence  of  such  a  rock  m  situ  in  the  Ross  Archipelago  or  on 
the  mainland  is  known. 


IV.  THE  ERRATICS  FROM  THE  PLATEAU  ON  THE  TOP  OF 

CAPE  ADARE 

Priestley  has  given  some  account  of  the  plateau  and  of  the  strew  of  erratics  on  its 
surface  in  his  memoir  on  the  Physiography  (1923,  p.  10),  and  a  note  on  the  erratics  of 
plutonic  rocks  on  the  plateau  and  some  remarks  on  their  possible  sources  was  published 
in  a  report  on  the  plutonic  and  hypabyssal  rocks  of  South  Victoria  Land  in  1924 
(W.  Campbell  Smith,  1924,  p.  214). 

Compared  with  the  plutonic  and  sedimentary  erratics  the  volcanic  rocks  collected 
are  few.  Two  of  the  specimens  [579  and  584]  are  the  same  as  the  trachytoid  phonolite 
from  900  feet  above  sea-level  described  above.  Five  of  them  are  basalts  of  which  two 
may  not  be  far  from  their  outcrops.  The  remainder,  8  in  number,  are  trachytoid 
phonolites  and  alkali-trachytes  not  known  to  be  in  situ  on  the  Cape  but  related  to 
some  of  the  types  described  from  the  ‘agglomerate’  on  the  northern  face  of  the  cliff. 
Briefly  described,  these  are  as  follows; 
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Trachytoid  Phonolites  and  Alkali-trachytes 

585.  A  small  boulder,  smoothed  on  three  faces.  Aphanitic,  slate-olive  in  colour, 
compact.  In  thin  section  it  is  seen  to  contain  small  insets  of  thin,  tabular  feldspars 
and  a  few  micro-insets  of  a  tea-green  pyroxene  and  occasional  micro-insets  of  magnetite. 
The  groundmass  consists  of  closely  packed  laths  of  alkah-feldspar  with  abundant  small 
‘mossy’  patches  of  dark  gveen  aegirine  and  a  brown  amphibole  or  cossyrite.  Between 
the  feldspars  are  abundant  small  interstitial  patches  and  hexagonal  sections  probably  of 
sodalite.  All  the  feldspars,  both  insets  and  groundmass,  are  affected  by  some  altera¬ 
tion  which  renders  them  slightly  turbid.  The  feldspar  insets  show  no  cross-hatching  and 
give  very  low  extinction  angles  measured  from  the  trace  of  010.  They  are  simple 
Carlsbad  twins. 

575,  582,  588,  602.  A  group  of  four  specimens  all  of  the  same  kind  and  all  broken 
from  larger  specimens  seen  as  erratics. 

These  are  characterized  by  very  abundant  large  insets  of  anorthoclase  showing 
the  characteristic  cross-hatching  and  some  having  lozenge-shaped  sections  common  for 
this  feldspar.  There  are  occasional  micro-insets  of  a  pale  purple  drab,  green-shelled 
aegirine-augite,  and  frequent  pseudomorphs  of  hornblende  now  represented  by  dense 
aggregates  of  magnetite  and  a  green  pyroxene.  The  groundmass,  not  very  fine-grained, 
consists  of  a  mass  of  platy  and  lath-shaped  alkali-feldspars  with  pale  green  aegirine- 
augite,  some  altered  brown  hornblende  and  magnetite  and  a  little  sodalite.  The  sodalite 
in  these  rocks  is  not  interstitial  as  in  the  sodalite- trachytes  described  above  but  occurs 
as  thin  scales  actually  in  the  feldspars.  In  addition  to  the  micro-insets  mentioned  above 
there  are  occasional  small  insets  of  pale  yellow  olivine,  usually  rinnned  by  clusters  of 
green  pyroxene  crystals  (Compare  370  from  Ridley  Beach,  Plate  3,  fig.  2). 

Examples  of  these  porphyritic  types  were  collected  also  from  the  beach  as  pebbles 
and  a  pebble  of  the  same  kind  [B.M.  87171,  25]  was  collected  by  H.  T.  Ferrar  on  the 
Discovery  Expedition  and  briefly  described  by  Prior  (1907,  p.  116).  It  was  one  of  two 
specimens  from  Cajie  Adare  that  Prior  suggested  bore  close  relations  with  the  kemdes, 
but  he  was  then  using  ‘  kenyte  ’  in  a  very  wide  sense,  and  actually  the  relationship  of 
these  rocks  to  the  kenyte  of  Mount  Erebus  is  not  a  close  one. 

Their  nearest  match  among  described  volcanic  rocks  from  South  Victoria  Land  is 
to  be  found  in  some  porphyritic  rocks  [B.M.  87171,  622]  collected  by  H.  T.  Ferrar  on 
the  Discovery  Expedition  from  debris  heaps  on  Minna  Bluff,  south  of  Ross  Island.  A 
somewhat  similar  rock  was  recorded  by  Jensen  from  Cape  Bird  (1916,  p.  119)  [P341]. 

Ferrar’s  specimen  622  was  described  by  G.  T.  Prior  (1907,  p.  119)  and  it  has  been 
further  described  in  the  earlier  part  of  this  report  on  the  volcanic  rocks  of  the  Ross 
Archipelago  (1954,  p.  35).  In  thin  section  it  is  seen  to  differ  in  some  respects  from  the 
rocks  described  above.  Hornblende  insets  are  absent,  and  the  feldspar  insets  are 
uniformly  rectangular  in  habit  in  the  Minna  Bluff  rock. 

There  are  two  other  porphyritic  rocks  among  the  erratics  which  are  closely  related 
to  those  just  described.  These  are: 
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236.  This  has  a  few  small  insets  of  plagioclase  as  well  as  the  abundant  anorthoclase 
some  of  which  are  5  mm.  in  length.  Also  frequent  are  small  insets  of  a  zoned  pale  purple- 
drab  and  pale  green  pyroxene  and  many  insets  of  a  dark  pleochroic  yellowish  olive 
amphibole,  partly  resorbed.  The  groundmass  is  very  fine-grained  and  consists  of 
abundant  pale  green  pleochroic  pyroxene  and  some  laths  of  feldspar  with  much  colour¬ 
less  apparently  isotropic  interstitial  material  and  small  patches  of  highly  birefringent 
fibres,  like  sericite,  that  may  represent  altered  nepheline. 

567.  The  last  of  these  porphyritic  erratics  to  be  mentioned  is  of  rather  particular 
interest,  as  it  is  similar  to  a  specimen  collected  on  the  Southern  Cross  Expedition 
[B.M.  85752,  24]  described  and  figured  by  Prior  and  claimed  by  him  to  approach 
‘  closely  to  the  rocks  from  Mount  Kenya  to  which  Professor  Gregory  has  given  the  name 
“kenyte”  ’  (1902,  p.  329  and  plate  53,  fig.  4). 

It  is  a  clove-brown  to  dark  olive  porphyritic  rock  with  an  aphanitic  groundmass 
containing  many  insets  of  anorthoclase  up  to  5  mm.  in  length,  small  insets  of  aegirine- 
augite  and  of  serpentinized  olivine,  and  small  magnetite  crystals  in  a  fine-grained 
groundmass  of  alkali-feldspar  laths,  grains  of  nearly  colourless  pyroxene  and  of 
magnetite,  with  small  amounts  of  colourless  weakly  birefringent  base.  It  does  not  show 
any  insets  of  nepheline,  as  the  kenytes  of  Mount  Kenya  do,  and  its  feldspars,  both  in 
size  and  habit,  are  quite  unlike  those  in  the  Mount  Erebus  kenytes. 

An  analysis  of  this  rock  was  published  in  the  report  on  the  collection  of  the  Southern 
Cross  Expedition  by  Prior  (1902,  p.  329)  and  this  has  been  republished  in  H.  S.  Washing¬ 
ton’s  tables  of  analyses  of  igneous  rocks  (1917,  p.  339,  no.  36)  and  named  ‘phonolite’. 
However,  its  norm  shows  11-64  of  normative  quartz.  A  microchemical  test  for 
feldspathoids  on  the  groundmass  was  negative,  so  it  seems  probable  that  this  rock  is 
wrongly  classified  as  a  phonolite.  If  it  were  found  in  situ  it  could  be  further  investigated. 

1246.  This  differs  considerably  from  the  trachytoid  phonolites  and  porphyritic 
types  just  described  but  is  doubtless  related  to  them.  It  is  an  alkali-trachyte  with 
small  tabular  insets  of  alkali-feldspar,  probably  anorthoclase,  in  a  groundmass  of  feldspar 
laths  with  much  colourless,  birefringent,  and  turbid  low-index  interstitial  material  and 
scattered  small  crystals  of  opaque  ‘ore’.  Brown-stained  patches  may  result  from 
altered  pyroxenes  or  amphiboles  but  the  rock  is  too  much  altered  to  make  further  study 
worth  while.  In  addition  to  the  feldspar  insets  there  are  rare  micro-insets  of  a  pale  green 
pyroxene.  This  is  not  represented  by  other  specimens  from  the  plateau  but  many 
pebbles  of  this  trachyte  were  collected  on  liidley  Beach  (see  below). 

Basalts 

There  are  only  five  basalts  among  the  erratics  collected  on  the  plateau  at  the  top 
of  the  Cape  and  they  fall  into  two  kinds. 

One  [592]  resembles  the  black  aphanitic  basalt  common  among  the  pebbles  on  the 
beach.  It  carries  neither  insets  nor  micro-insets  and  consists  of  abundant  long  plagio¬ 
clase  laths  arranged  in  parallel  alinement  in  a  dense  and  apparently  partly  glassy  base. 
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This  base  consists  of  tiny  microliths  of  feldspar,  granules  of  augite,  some  translucent 
orange-brown  pseudomorphs  of  olivine(?),  ‘dusty’  magnetite  and  some  isotropic 
material,  nearly  colourless  but  slightly  turbid  with  minute  inclusions. 

The  other  basalt,  represented  by  591,  is  a  porphyritic  olivine-basalt  that  must  be 
closely  related  to  the  porphyritic  olivine-basalt.  Type  C,  of  the  rocks  in  situ,  but  the 
erratic  has  a  holocrystalline  and  relatively  lighter-coloured  groundmass.  A  basalt  of 
this  kind  [232]  with  a  dark,  partly  glassy  base  was  actually  collected  at  900  feet  up  on 
the  Cape  at  the  same  time  as  the  ‘variolitic’  phonolite  (p.  124).  It  has  been  assumed 
that  these  specimens  were  in  situ.  If  so  the  erratic  [592]  may  not  be  far  from  its  outcrop. 

'I’he  insets  in  this  basalt  are  olivine,  colourless  in  thin  section,  and  more  abundant 
insets,  and  micro-insets,  of  augite  sometimes  enclosing  small  crystals  of  magnetite.  In 
the  groundmass  there  are  abundant  small  crystals  and  granules  of  augite  and  many 
small  crystals  of  magnetite,  laths  of  plagioclase,  and  a  colourless,  apparently  isotropic 
base  (Plate  2,  fig.  6). 

A  fine  example  of  this  kind  of  basalt,  similar  to  232,  is  1231,  but  it  is  not  certain 
whether  this  was  from  the  plateau  or  the  beach.  Another,  1243,  about  which  there  is 
the  same  uncertainty  of  provenance,  is  also  porphyritic  with  olivine  insets  but  there  are 
fewer  insets  than  in  the  other  specimens  of  this  type  and  the  texture  of  the  groundmass 
is  nearer  that  of  a  trachybasalt,  of  which  there  are  examples  among  the  pebbles 
described  below. 


V.  PEBBLES  FROM  RIDLEY  BEACH 

Among  the  pebbles  collected  from  Ridley  Beach  as  representing  types  not  seen  in 
situ  on  the  Cape  are  several  kinds  of  phonolitic  trachytes  or  trachytoid  phonolites  and 
of  basaltic  rock.  Those  of  trachytoid  phonolites  and  trach}des  are  similar  or  very 
closely  relatefl  to  some  of  the  erratics  collected  on  the  plateau  and  these  call  for  no 
further  description.  Among  the  basalts,  however,  are  some  that  show  differences  from 
any  of  the  erratics  or  in  situ  rocks  and  it  seems  worth  while  to  record  these  briefly. 

Black,  a])hanitic  basalts,  usually  with  many  very  small  vesicles,  are  a  common 
type  [331,  343,  430,  and  452].  Pebbles  of  this  kind  are  found  to  be  feldspar-rich  and 
poor  in  olivine,  and  they  all  carry  xenocrysts  of  partly  or  wholly  resorbed  brown 
hornblende.  Under  the  microscope  they  show  very  abundant  small  slender  laths  of 
plagioclase  with  a  tendency  to  parallel  alinement  in  a  dense  base  of  dark  brown  glass 
with  minute  pyroxene  grains  and  abundant  ‘dusty’  magnetite.  There  are  a  few  small 
insets  and  frequent  micro-insets  of  augite,  plagioclase,  and  colourless  olivine,  and  micro¬ 
insets  of  magnetite  and  scattered  xenocrysts  of  the  resorbed  brown  hornblende.  Apatite 
as  stout  prisms  is  a  rather  frequent  accessory. 

In  one  pebble  that  belongs  to  this  type  the  groundmass  is  not  glassy  but  consists  of 
very  abundant  laths  of  plagioclase  with  some  parallel  alinement,  granular  pyroxene. 
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and  magnetite.  Small  patches  of  calcite  presumably  represent  an  altered  groimdmass 
constituent  and  a  few  small  vesicles  carry  zeolites(?).  The  plagioclase  of  the  microliths 
is  labradorite. 

Basalts  similar  to  these,  characterized  by  xenocrysts  of  brown  hornblende,  were 
described  as  ‘basaltic  andesite’  by  Edgeworth  David  and  others  (1896,  p.  475  and  plate 
14,  fig.  3)  and  by  Prior  from  Cape  Adare  [B.M.  85752,  23]  and  Prior  also  described  a 
similar  basalt  from  the  foot  of  Mount  Terror.  From  the  earlier  collections  specimens  of 
similar  basalts  are  also  described  from  Possession  Islands  and  from  Coulman  Island. 

Fragments  of  the  same  kind  of  basalt  are  the  main  constituent  in  a  pebble  of 
agglomerate  from  the  beach,  so  it  is  likely  that  they  represent  an  early  phase  of  the 
vulcanicity  rather  than  very  recent  flows  as  Prior  seems  to  suggest  in  the  Southern 
Cross  report. 

There  are  other  variants  of  these  aphanitic  hornblende-bearing  basalts  and  some 
of  these  may  be  briefly  mentioned,  for  example : 

432.  A  basalt  with  frequent  small  insets  of  plagioclase  and  a  few  of  augite  and 
xenocrysts  of  hornblende  in  a  fine-grained  groimdmass  in  which  brown-stained  grains 
probably  represent  olivine. 

368.  A  basalt  slightly  coarser-grained  than  the  others  with  fresh  brown  hornblende 
insets  and  much  augite  in  the  groundmass,  which  also  contains  small  altered  olivines, 
magnetite,  and  laths  of  plagioclase  in  a  colourless  base  that  may  be  alkali-feldspar  or 
nepheline.  Large  apatite  prisms  are  frequent.  Amygdale-like  bodies  in  these  rocks  are 
partly  filled  with  calcite  and  partly  with  zeolite  material. 

372.  Another  aphanitic  black  basalt  with  rare  glassy  insets  of  augite  is  perhaps 
near  to  the  trachybasalts.  This  carries  many  small  insets  of  a  plagioclase  with  refractive 
index  only  slightly  above  Canada  balsam,  occasional  insets  of  augite,  and  some  micro¬ 
insets  of  augite,  iddingsite  after  olivine,  and  magnetite,  and  occasional  relics  of  resorbed 
hornblende.  The  groundmass  consists  of  abundant  slender  laths  of  plagioclase  with 
tiny  magnetite  cubes,  granular  augite,  brown  altered  olivine(?),  and  small  amounts  of 
a  colourless  birefringent  base.  Purplish  inclusion-rich  apatite  is  a  notable  accessory. 
This,  like  several  others  of  the  basalt  pebbles,  is  traversed  by  pale  buft’-coloured  veins 
which  contain  some  phosphatic  material.  Borchgrevink  collected  a  similar  specimen 
[B.M.  85752,  29]. 

Two  other  pebbles  are  either  trachybasalts  or  tephrites.  One  of  these  [433]  with  a 
few  tabular  insets  of  plagioclase  and  some  of  hornblende  in  a  rather  light-coloured, 
slate-grey  groundmass  is  a  very  good  example  of  the  veining  mentioned  above.  The 
central  part  of  these  veins  in  this  rock  is  colourless  and  partly  of  quite  low  birefringence 
but  the  yellower  parts  of  the  vein  and  the  margin  of  basalt  permeated  by  the  vein 
material  show  crystals  that  appear  to  be  epidote.  The  feldspar  in  the  groundmass  of 
this  rock  has  generally  rather  low  extinction  angles  and  the  feldspar  of  the  insets 
appears  to  be  andesine. 

Two  others  [333  and  360]  which  microchemical  tests  show  have  feldspathoids  in 
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their  groundmass  are  fine-grained  neutral  grey  rocks  with  small  insets  of  augite  and 
micro-insets  of  magnetite.  One  of  them  carries  also  small  brown  hornblendes  and 
rather  large  apatite  prisms  are  frequent  in  both.  The  plagioclase  has  low  extinction 
angles  in  both  these  rocks. 


VI.  FRAGMENTS  FROM  THE  MORAINES  OF  THE  NEWNES 

AND  MURRAY  GLACIERS 

The  Newnes  Glacier 

On  several  occasions  Priestley  collected  from  the  moraines  of  the  Sir  George  Xewnes 
Glacier  at  the  end  of  Robertson  Bay.  Many  of  the  specimens  collected  are  of  basalts 
and  some  are  tuffs. 

The  basalts  are  all  variants  of  olivine-basalts.  They  are  probably  closely  related 
in  composition  to  the  basalts  of  Cape  Adare  but  those  examined  do  not  match  any  of 
the  types  of  olivine-basalt  found  in  situ  on  the  Cape,  nor  any  of  the  basalts  described 
from  pebbles  on  Ridley  Beach. 

The  basalts  collected  on  the  moraine  can  be  grouped  under  shghtly  different 
headings  according  to  their  macroscopic  appearance  and  their  mineral  composition  but 
they  probably  do  not  differ  much  in  composition  and  the  whole  collection  may  have 
come  from  rocks  outcropping  over  a  very  limited  area. 

(fl)  The  coarsest-grained  and  most  easily  recognizable  variety  among  these  moraine 
specimens  is  one  that  should  perhaps  be  described  as  a  dolerite  on  account  of  the  grain- 
size  of  its  groundmass  constituents.  Specimens  of  this  group  are  characterized  by  very 
abundant  small  dark  insets  in  a  pale  olive-grey  groundmass.  The  insets  look  like 
fragments  rather  than  definite  crystals  and  the  rock  in  consequence  looks  more  hke  a 
tuff  than  a  lava.  The  dark  insets,  2  to  4  mm.  across,  consist  of  black  to  very  dark  green 
augite  and  smaller  olivines.  The  augites  occasionally  show  rectangular  outlines  but 
most  of  them  are  irregular  in  outline  and  the  small  olivines  are  rounded.  In  addition 
there  are  frequent  insets  of  glassy  feldspar  up  to  6  mm.  across. 

Thin  sections  show  the  abundant  insets  of  olivine,  augite,  and  labradorite.  Extinc¬ 
tion  angles  indicate  a  range  in  different  specimens  from  Aiig^  to  Aiigg.  Some  of  the 
augite  insets  and  the  olivines  contain  many  inclusions  of  groundmass  and  none  of  the 
insets  are  very  sharply  bounded.  This  may  indicate  that  aggregation  of  insets  and 
crystallization  of  groundmass  overlapped  considerably.  Needles  of  apatite  are  frequent 
in  the  feldspars.  Magnetite  occurs  both  as  small  crystals  in  the  groundmass  and  as 
micro-insets  and  micro-ophitic  plates.  The  groundmass  itself  consists  of  laths  of 
labradorite,  Anri5_g2,  with  magnetite,  small  nearly  colourless  augites,  small  olivines, 
and  small  amounts  of  alkali-feldspar  interstitial  to  the  feldspar  laths.  Biotite,  as 
small  flakes,  is  an  accessory  groundmass  mineral.  Pyroxene  in  the  groundmass  gave 
c:y  =  46°. 
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(6)  Probably  closely  similar  to  the  porphyritic,  doleritic  type  just  described  are 
specimens  characterized  by  few  insets  of  glassy  feldspar  and  abundant  small  dark 
greenish  brown  and  yellowish  green  olivines  and  fewer,  darker  a\igites  in  a  holo- 
crystalline  light  olive-grey  groundmass.  Some  vary  a  little  in  general  colour  to  dee]) 
olive-grey  and  mouse-grey  and  a  somewhat  altered  specimen  [CtN  1026]  is  brownish  drab. 

In  thill  section  an  outstanding  character  of  these  rocks  is  their  amazing  freshness 
and  cleanness.  The  insets  are  colourless  olivine,  and  olive-bulf  augite,  and  plagioclase. 
All  three  are  rather  abundant.  The  feldspars  are  labradorite,  AngQ_g5,  and  the  augites 
give  extinction  angle  c:y  up  to  42°. 

The  groundmass  consists  of  clear  laths  of  labradorite,  An57_g5,  and  many  grains  of 
pale  yellow-bordered  olivine  with  small  olivines,  augites,  and  magnetites  between  the 
feldspar  laths.  A  few  small  flakes  of  biotite  occasionally  appear  in  the  groundmass 
[GN  976].  Some  sections  show  interstitial  plates  of  simply  twinned  feldspar  (oligo- 
clase?). 

An  altered,  brownish  drab  specimen  [GN  1026]  shows  black-rimmed  olivines  and  a 
general  darkening  (reddening)  of  the  ferromagnesian  minerals  and  of  the  magnetite  in 
the  groundmass. 

Specimens  of  a  slightly  coarser-grained,  aphyric,  and  slightly  drusy  rock  [GN  945, 
977]  are  doleritic  variants  of  this  type.  They  consist  of  pale  yellowish  olivine  and  stout 
laths  of  labradorite,  augite,  and  magnetite,  and  biotite  is  a  conspicuous  constituent. 
In  the  drusy  cavities  are  many  tiny  crystals  of  augite  or  olivine,  magnetite,  and  feldspar. 

(c)  The  third  group  of  porphyritic  basalts  from  the  moraine  are  all  very  dark, 
olivaceous  black  to  dark  olive-grey,  and  carry  a  few  insets  of  glassy  feldspar  and  some, 
less  noticeable,  of  olivine  and  augite.  The  feldspars  are  labradorite  near  Aiigg,  and  are 
short  tabular  in  habit.  The  groundmass  is  very  fine-grained  aphanitic.  Several  of  the 
specimens  are  vesicular.  Some  slightly  altered  specimens  are  brownish  drab  in  colour. 

The  dense  groundmass  of  these  specimens  is  difficult  to  resolve.  In  a  representative 
specimen  [GN  1049]  it  is  seen  to  contain  abundant  small  laths  of  labradorite  (Ango_g5), 
yellow  ‘stained’  olivine,  minute  prisms  of  colourless  augite,  and  grains  and  cubes  of 
magnetite.  There  is  a  small  amount  of  interstitial  base  which,  in  one  case  [GN  1035], 
is  colourless  feldspathoid,  but  in  other  specimens  [e.g.  1021]  it  is  dark  brown  glass  with 
inclusions  of  thin  blades  of  opaque  ‘ore’  and  some  acicular  crystallites. 

The  altered  brownish  drab  coloured  examples  of  this  group  show  in  thin  section 
an  increasing  opacity  in  the  ferromagnesian  constituents  of  the  groundmass  and  the 
olivine  insets  have  strong  black  borders  and  are  completely  filled  with  minute  black 
inclusions  which  lie  in  a  colourless  birefringent  base.  In  hand-specimen  the  olivines 
are  quite  black  and  opaque.  This  sort  of  alteration  has  been  observed  also  in  basalts 
from  Cape  Adare  itself  and  was  earlier  described  by  Edgeworth  David  and  others 
(see  p.  119). 

One  specimen  of  this  group  contains  a  xenolith  of  a  medium-grained  sandstone 
recalling  the  xenoliths  so  frequent  in  the  Cape  Adare  basalts. 
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In  addition  to  the  porphyritic  basalts  there  are  several  variations  of  aphyric  fine¬ 
grained  olivine-basalts. 

{d)  Most  widely  represented  is  a  basalt  with  few  visible  small  oh\Tne  insets  in  an 
aphanitic  neutral  gTey  to  dark  neutral  grey  groundmass.  Several  of  these  basalts 
have  very  irregular  flattened  vesicles  coloured  on  weathered  surfaces  citrine-drab  and 
carrying  numerous  lustrous  black  semi-globules  or  botryoids  of  pitchy-black  mineral 
(limonite)  and  some  minute  white  crystals  (perhaps  feldspars  weathering  out)  and  ghsten- 
ing  tiny  crystals  of  magnetite,  and  some  hematite.  Several  other  rocks  in  this  group 
are  slightly  porous  in  structure  and  these  also  show  the  bright  metallic  crystals  in  the 
cavities,  while  over  the  whole  rock  feldspar  cleavages  are  clearly  visible,  indicating  a 
holocrystalline  and  inedium-gTained  texture.  Several  specimens  of  this  group  are 
slightly  reddened  and  are  brownish-drab  in  colour  and  these,  in  common  vuth  others 
altered  in  this  way,  show  in  thin  section  olivine  micro-insets  black  rimmed  and  nearly 
opaque  with  inclusions  of  ‘ore’. 

A  great  many  of  the  specimens  of  this  type  show  the  shght  reddening  in  colour 
and  in  all  these  the  olivines  are  altered  and  ahnost  filled  with  the  minute  black  inclusions 
and  the  ferromagnesian  minerals  are  opaque.  A  fresher  example  of  the  group  [GX  938] 
shows  micro-insets  of  pale  yellowish  olivine  and  very  abundant  plagioclase  present  both 
as  micro-insets  and  as  small  laths  as  well  as  in  the  gTOundmass.  Extinction  angles  in 
the  micro-insets  indicate  basic  labradorite  near  to  bytovmite,  but  the  groundmass 
microhths  are  less  basic  labradorite,  in  one  specimen  [GN  932]  near  Angg.  The  very 
fine-grained  groundmass  consists  of  the  plagioclase  microliths  with  much  granular 
augite,  probably  olivine,  and  much  magnetite  as  very  small  grains.  Some  sections 
[GN  932]  show  small  amounts  of  interstitial  alkali-feldspar. 

One  specimen  of  this  kind  [GN  934]  is  much  altered,  the  augite  appearing  yellow  like 
epidote  and  the  olivine  red-brown  in  the  thin  section.  It  may  have  been  a  xenohth 
from  a  later  lava. 

(e)  Represented  by  only  two  specimens  [GN  943,  1002]  is  a  dense,  aphanitic 
olivaceous  black  to  iron-gvey  olivine-basalt  that  carries  small  amounts  of  accessory 
biotite.  It  has  small  insets  and  micro-insets  of  nearly  colourless  oli\fines  with  brown 
borders,  and  many  flakes  of  brown  biotite  and  abundant  small  micro-insets  of  plagioclase 
in  a  very  fine-gTained  gToundmass.  The  plagioclase  of  the  micro-insets  is  basic 
labradorite,  Aiigg.^o- 

The  biotite  has  pleochroism,  ochraceous  orange  to  colourless,  and  resembles  in 
colour  the  biotite  in  some  nepheline-basalts.  The  groundmass  consists  of  microliths 
of  labradorite  (near  Aiigg)  with  granular  augite  and  magnetite  between  the  feldspars. 
One  section  showed  small  amounts  of  a  colourless  interstitial  base. 

(/)  Another  variety  is  an  aphanitic,  olivaceous  black,  very  fine-grained  basalt 
consisting  of  small  micro-insets  of  olivine  and  plagioclase  in  a  very  dense  groundmass 
of  slender  laths  and  crystallites  of  feldspar,  augite,  and  much  dusty  magnetite  [927,  977]. 
One  rock  of  this  kind  contains  a  large  xenocryst  15  mm.  across,  of  glassy  feldspar 
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[GN  926].  There  are  several  specimens  of  this  kind  varying  a  little  in  the  size  of  olivines 
and  feldspars  and  in  the  grain-size  of  the  groimdmass  [GN  1034,  1066]. 

{g)  A  vesicular  aphanitic  olivine-basalt  with  small  insets  and  micro-insets  of  very 
pale  yellow,  nearly  colourless,  olivines  and  occasional  small  insets  of  pale  buff  augite  has 
a  dark  groimdmass  consisting  mainly  of  closely  packed  stoutish  laths  of  labradorite 
(An55_gQ).  Between  the  feldspar  is  fine-grained  granular  augite,  perhaps  a  little  olivine, 
and  much  opaque  ‘ore’  [GN  991].  The  colour  is  deep  neutral  grey  and  the  well-rounded 
vesicles  are  quite  empty.  Another  specimen  of  the  same  type  shows  the  reddening 
and  characteristic  alteration  of  olivine  noted  in  so  many  of  the  specimens  from  this 
moraine  [GN  1028]. 

(Ji)  Several  specimens  of  these  reddened  lavas  are  fine-grained,  aphanitic,  ‘sandy’ 
rocks  with  the  characteristic  brownish-drab  colour.  Under  the  microscope  they  show 
rare  small  insets  of  the  altered,  opaque  olivine  in  a  groimdmass  of  tiny  laths  of 
labradorite  (near  Aiigg),  with  much  opaque  deep  brown  augite,  doubtful  olivine,  and 
magnetite. 

(f)  Among  all  the  specimens  of  volcanic  rocks  from  this  moraine  there  is  only  one 
representative  of  an  olivine-free  basalt  and  that  occurs  as  subangiilar  fragments,  1  cm. 
or  more  across,  in  a  tuff’  [GN  955].  The  thin  section  shows  small  insets  and  micro-insets 
of  pale  purple-drab,  zoned  augite  in  a  very  dense  groundmass.  The  groundmass  consists 
of  microliths  of  plagioclase  in  a  pale  brown  to  fawn-coloured  glass  crowded  with  minute 
augites  (perhaps  some  very  small  olivines)  and  magnetites.  There  is  some  occult 
feldspathoid  in  the  glass  base.  Magnetite  as  small  micro-insets  is  a  notable  accessory. 

Several  specimens  were  collected  by  Priestley  to  illustrate  xenoliths  in  these  lavas. 
They  generally  prove  to  be  xenoliths  of  quartzose  sedimentary  rocks  of  the  same  kind 
as  some  rocks  in  the  slate-greywacke  formation  of  Robertson  Bay  [GN  944]. 

For  the  Newnes  Glacier  it  only  remains  to  record  that  there  are  two  specimens  of  a 
friable  orange- coloured  palagonitic  tuff.  This  is  rather  similar  to  the  tuffs  of  the 
Murray  Glacier  moraines  which  are  described  below  (p.  145). 


The  Murray  Glacier 

Specimens  of  volcanic  rocks  were  collected  from  two  different  parts  of  the  Murray 
Glacier.  The  greater  number  come  from  the  southern  lateral  moraine  but  a  dozen 
specimens  of  volcanic  rocks  are  from  morainic  material  in  the  so-called  ‘Dry  Valley’, 
a  low  plateau  over  a  mile  broad  left  by  the  glacier  at  a  time  when  part  of  its  ice  poured 
out  south  of  Duke  of  York  Island.  The  main  stream  now  goes  out  on  to  the  Dugdale 
Ice  Tongue  on  the  other  side  of  the  island  (see  Priestley,  1923,  pp.  15-16  and  plates  14 
and  15). 

Of  the  specimens  from  this  ‘Dry  Valley’  moraine  nine  are  of  basalt- tuffs  and  one 
is  an  aphanitic  black  basalt.  Volcanic  rocks  collected  from  the  southern  lateral  moraine 
comprise  fourteen  specimens  of  the  basalt-tuffs  and  ten  of  a  porphyritic  olivine-basalt 
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with  very  fresh  green  olivine  a  conspicuous  constituent.  These  basalts  vdll  now  be 
described. 

OUvme-hasalts 

The  most  common  basalt  from  the  lateral  moraine  is  a  grey  chrysophyric  basalt 
characterized  by  abundant  insets  of  fresh  olivine  and  augite.  The  general  colour  of 
these  rocks  varies  from  light  gxeyish  olive  to  mouse-grey,  and  in  a  few  specimens  deep 
brownish  drab.  The  olivine  insets  are  light  yellowish  olive  to  oHve-yellow  and,  in  some 
specimens,  dark  greenish  black  and  iridescent.  The  olivines  range  up  to  1  cm.  in 
length  and  the  augites  are  only  a  little  less,  6  mm.  The  augites  are  dark  greenish  black. 
In  thin  section  the  olivines  are  almost  colourless  and  the  augites  very  pale  ohve-bufi. 
The  extinction  angle  in  the  augites,  c:y,  is  up  to  47°. 

In  the  specimens  with  the  coarsest-grained,  holocrystalline  gToundmass  there  are 
no  crystals  ranking  as  micro-insets  and  the  groundmass  consists  of  plagioclase  laths 
and  small  olivine  crystals,  with  smaller  augites  and  crystal  grains  of  opaque  ‘ore’. 
The  texture  is  intergranular  [1160].  From  this  type  there  are  gradual  variations  of  the 
groundmass  texture  and  gnain-size.  For  example  in  1178  in  addition  to  the  abmidant 
insets  of  olivine  and  augite  there  are  a  few  micro-insets  of  plagioclase.  The  groimdmass 
consists  of  plagioclase  laths,  small  olivines  and  augites,  and  fairly  abundant  crystals 
and  blades  of  opaque  ‘ore’.  The  fabric  of  this  groundmass  is  seriate  in  the  sense  that 
while  it  contains  abundant  plagioclase  laths,  olivine,  and  augite  of  about  0-05  mm. 
average  diameter,  there  is  interstitial  to  this  larger  feldspar  mesh  a  base  of  much  smaller 
crystals  of  olivine  and  augite  and  plagioclase  and  crystals  and  blades  of  opaque  ‘ore’. 
The  opaque  crystals  referred  to  as  blades  are  probably  ilmenite.  In  some  sections  dark 
jjatches  mark  concentrations  of  these  bladed  crystals  in  the  groundmass  [1159],  and  the 
blades  are  more  abundant  than  the  more  quadrate  crystal  grains  of  magnetite(?). 

Increase  in  the  proportion  of  opaque  ‘ore’,  the  bladed  crystals  generally  pre¬ 
dominating,  leads  to  darker  holocrystalline  groundmass,  and,  in  specimens  with  very 
fine-grained  groundmass,  the  constituent  minerals  are  hardly  resolvable.  Examples  of 
actual  glassy  groundmass  were  not  found  nor  was  actual  or  occult  feldspathoid  detected. 

Another  variation  is  that  specimens  with  very  fine-grained  dark  base  carry  micro- 
insets  of  plagioclase  and  small  crystals  of  olivine  and  augite  as  well  as  the  very  abundant 
larger  insets  of  these  minerals  [1168,  1125].  The  feldspar  in  these  basalts  is  labradorite 
near  Ang-. 

The  only  other  basalts  collected  from  the  southern  lateral  moraine  appear  to  be 
fragments  from  the  basalt-tufis.  One  of  these  [1131],  a  dark  neutral  gxey  aphanitic 
olivine-basalt,  occurs  as  fragments  in  a  smoke-grey  fine-grained  matrix  of  volcanic  tuft’. 

Another  basalt  from  the  same  moraine  [1157],  unfortunately  only  now  represented 
by  two  thin  sections,  contains  abundant  short  laths  of  plagioclase  in  a  dense  black 
glassy  base.  Half-hidden  in  the  glass  are  small  micro-insets  of  olivine  and  augite,  both 
rather  rare.  It  seems  possible  that  this  might  resemble  the  black  glassy  basalt  (T^qDe  A) 


THE  VOLCANIC  ROCKS  OF  CAPE  ADARE,  SOUTH  VICTORIA  LAND 


145 


in  situ  at  Cape  Adare.  The  sections  of  this  rock  are  interesting  as  they  show  sections  of 
small  oval  bodies  that  appear  to  be  xenoliths,  consisting  now  largely  of  sillimanite  with 
a  little  dark  green  spinel,  as  small  octahedra,  and  some  feldspar  at  the  margin  of  the 
xenolith. 

A  black  aphanitic  olivine-basalt  [1066]  from  the  moraine  in  the  ‘Dry  Valley’  is 
rather  like  one  of  the  basalts,  lettered  (/),  from  the  Newnes  Glacier,  This  contains  a 
white  granular  patch  2  cm.  across  with  scattered  white  crystals  around  it.*  The 
thin  section  of  the  basalt  shows  many  micro-insets  of  colourless  olivine  and  a  few 
of  augite  in  a  very  fine-grained  groundmass  of  abundant  plagioclase  laths  and  small, 
brown-stained  olivines  in  a  fine-grained  dark  base.  The  base  is  rather  variable  in  density 
and  is  roughly  banded,  some  parts  being  lighter  coloured  than  others.  In  the  lighter 
parts  it  can  be  seen  that  the  groundmass  consists  of  very  small  microliths  of  feldspar 
among  abundant  small  magnetite  crystals  and  augite  granules,  with  a  few  small  olivines, 
recognizable  as  apart  from  the  augite  by  the  yellow  colouration. 

PaJagonite-tuffs 

The  rocks  referred  to  above  as  basalt-tufts,  of  which  some  two  dozen  specimens 
were  collected  on  the  moraines  of  the  Murray  Glacier,  all  prove  to  be  fairly  typical 
palagonite-tufts  comparable  with  those  from  Sicily  and  from  the  Lahntal  in  Nassau. 

Some  of  the  tufts  are  fairly  even-grained  and,  in  hand-specimens,  appear  as  if 
bedded.  Most  of  them  contain  abundant  dark  lapilli  of  various  sizes  ranging  up  to 
2-5  cm.  in  length,  but  few  actually  measure  as  much  as  0-5  cm.  across  and  most  of  them 
are  only  1  or  2  mm.  in  diameter.  Most  of  the  larger  lapilli  examined  are  of  basalt 
but  a  few  are  of  dark  very  compact  sedimentary  rocks. 

Thin  sections  show  that  the  sedimentary  fragments,  usually  subangular  in  form, 
comprise  fine-grained  greywacke  and  micaceous  siltstone.  Occasionally  the  greywacke 
type  contains  wisps  of  chlorite,  indicating  a  low  grade  of  metamorphism.  Such  sediments 
might  be  derived  from  the  Robertson  Bay  slate- greywacke  formation. 

As  for  the  basalt  lapilli,  some  are  black  glassy  basalts  with  very  small,  altered 
olivines,  augite  and  abundant  plagioclase  laths  [1075];  others  are  glassy  limburgitic 
basalts  with  many  crystals  of  olivine  and  augite  and  relatively  few  of  feldspar  [1158]. 
These  latter  show  very  many  small  spherical  vesicles  and  similar  ‘  bubbles  ’  are  still  more 
abundant  in  the  small  lapilli  of  pale  yellow  basalt-glass  that  actually  constitute  the 
greater  part  of  all  these  tufts.  These  glassy  lapilli  contain  many  feldspar  microliths  and 
abundant  fragments  of  olivine  and  some  of  augite.  The  colour  of  the  glass  is  pale  yellow. 

The  great  abundance  of  tiny  ‘bubbles’  in  the  yellow  glass  is  very  remarkable. 
Their  frequency  is  comparable  with  that  of  the  bubbles  in  some  of  the  silica-glasses  of 
meteoritic  origin,  where  they  are  taken  to  indicate  very  high  fluidity  and  very  rapid 


*  Fragments  from  this  patch  are  plagioclase  feldspar  near  oligoclase,  but  the  inclusion  was  not  fully 
investigated.  The  refractive  indices  are  near  1-53. 
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cooling  of  a  frothy  glass.  Some  of  these  little  vesicles  in  the  lapilli  are  empty  but  some 
are  filled  with  clear  colourless  carbonate  and  very  many  are  either  lined  or  filled  'vdth 
a  slightly  turbid,  isotropic  material  a  little  darker  in  colour  than  the  surrounding  glass. 
This  material  often  shows  concentric  arrangement  and  there  are  traces  of  radial  fibrous 
structure  in  the  outer  lining. 

The  matrix  of  most  of  these  tuffs  consists  of  comminuted  glass  and  fragments  of 
augite  and  of  olivine  crystals.  Sometimes  the  glass  of  the  matrix  seems  to  merge  with 
that  of  the  lapilli  themselves.  In  one  specimen  [1060]  the  matrix  is  clear,  partly  granular 
calcite  and  the  lapilli,  all  very  small,  are  almost  all  of  the  pale  yellow  glass.  Only  a 
few  are  of  black  glassy  basalt,  and  sedimentary  fragments  seem  to  be  rare.* 

One  rounded  basalt  fragment  [1134]  is  an  amygdaloidal  very  fine-grained  olmne- 
basalt  in  which  all  the  abundant  vesicles  are  filled  with  carbonate.  In  many  vesicles 
the  carbonate  has  a  radial  structure  and  sometimes  prismatic  habit  suggesting  aragonite. 
Also  parts  of  the  vesicles  are  occupied  by  pinkish  cinnamon  isotropic  material  perhaps 
similar  to  that  in  the  vesicles  in  the  lapilli.  It  seems  likely  that  this  basalt  is  only  one 
of  the  larger  lapilli  from  the  tuffs. 

If  found  in  situ  much  more  time  could  be  profitably  spent  in  the  study  of  these 
interesting  palagonite-tuffs ;  indeed  there  is  ample  material  for  more  work  on  the  samples 
Priestley  collected,  but  an  end  must  here  be  made  to  this  account  of  them. 


VII.  COMPARISON  WITH  VOLCANIC  ROCKS 
FROM  SOUTH  VICTORIA  LAND 

Some  of  the  basalts  and  some  of  the  trachytoid  phonolites  found  at  Cape  Adare 
show  fairly  close  resemblances  with  rocks  from  other  areas  in  South  Victoria  Land 
and  from  the  off-shore  islands. 

Rocks  from  Possession  Islands,  which  lie  about  60  miles  to  the  south  of  Cape  Adare, 
were  collected  on  the  first  voyage  southward  of  Sir  Janies  Clarke  Ross’s  Antarctic 
Expedition  of  1839-43  and  these  were  described  by  G.  T.  Prior  (1899,  p.  75).  Others 
collected  by  C.  E.  Borchgrevink  and  Captain  Jenssen  in  1895  were  described  by  Edge- 
worth  David  and  others  (1896,  p.  484),  and  Prior  (1902,  p.  326)  described  the  specimens 
collected  on  the  Southern  Cross  Expedition  in  1898.  Some  of  the  basalts  in  situ  are 
similar  to  the  porphyritic  olivine-basalts  with  insets  of  augite  and  occasional  brown 
hornblendes  such  as  those  described  from  the  pseudo-cave  on  Cape  Adare  (p.  118). 

A  few  specimens  have  been  collected  from  Coulman  Island,  about  150  miles  south 


*  Similar  tuffs  with  very  vesicular  pale  yellow  basalt-glass  lapilli  in  a  calcareous  cement  are  known 
from  the  volcano  of  Low  Layton,  west  of  Port  Antonio,  St.  George’s,  Jamaica.  According  to  Dr.  C.  T. 
Trechmann  (A  New  Exj^lanation  of  Mountain  Uplift,  1955,  p.  33),  the  Low  Lajffon  lava  ‘flowed  out  into  a 
bed  of  one-time  wet  and  sludgy  Globigerina  marls  of  late  Miocene  age  ’.  It  would  be  interesting  to  And  under 
what  conditions  the  calcareous  palagonite-tuff  was  formed  in  the  Cape  Adare  district. 
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from  Cape  Adare,  and  many  pebbles  were  brought  up  in  dredges  oh  its  shore.  Little 
has  been  published  about  these  specimens.  Those  collected  by  H.  T.  Ferrar,  on  15 
January  1902,  40  or  50  feet  above  their  landing  place  at  Cape  Wadworth  at  the  north 
end  of  the  island  are  dense,  aphanitic,  black  glassy  basalts,  or  basanites.  They  are  not 
of  the  same  kind  as  any  of  the  described  basalts  from  Cape  Adare.  They  are  extremely 
fine-grained  and  contain  abundant  microliths  of  plagioclase  and  many  small  brown 
pseudomorphs  after  olivine,  and  small  magnetites  in  a  pale  glassy  base  with  minute 
blades  and  grains  of  opaque  ‘ore’.  The  HCl-etch  solution  test  shows  that  feldspathoid 
is  occult  in  the  colourless  base.  These  rocks  [B.M.  87171,  75,  76,  and  81]  may  be  glassy 
equivalents  of  a  basalt  like  the  black  basalts  of  Type  A  on  Cape  Adare. 

Some  of  the  dredged  pebbles  are  very  fine-grained  aphanitic  basaltic  rocks  and 
these  also  may  resemble  some  Cape  Adare  basalts.  Several  other  pebbles  from  dredges 
at  depths  between  8  and  15  fathoms  off  Cape  Adare  and  about  a  mile  west  of  Coulman 
Island  are  phonolitic  trachytes  or  trachytoid  phonolites  bearing  a  general  family  likeness 
to  the  phonolitic  rocks  found  as  pebbles  on  Cape  Adare  beach,  and  some  may  compare 
with  the  trachytoid  phonohte  in  situ  there. 

Admittedly  there  is  ample  room  for  more  detailed  work  when  more  material  is 
available  but  such  comparisons  as  have  been  made  are  sufficient  to  confirm  Priestley’s 
description  of  Cape  Adare  (1923,  p.  8)  as  ‘the  northward  extension  of  the  great  volcanic 
series  of  rocks  which  appears  to  form  the  coast  from  Cape  Phillips  northwards  along 
the  mainland  of  South  Victoria  Land,  and  of  which  Coulman  Island  and  Possession 
Islands  form  a  part’.* 

Looking  further  afield  for  comparisons,  on  Ross  Island  and  the  neighbouring 
smaller  islands  one  finds  that  the  trachytoid  phonolite  of  Cape  Adare  [231],  compares 
tolerably  well  with  some  variations  of  the  trachytoid  phonolite  (Mount  Terror  type). 
Examples  of  such  comj^arable  types  are  specimens  from  the  neighbourhood  of  Mount 
Terror  and  Cape  Crozier  [B.M.  87171,  243,  and  251]]'  and  other  comparisons  can  be  found 
among  the  trachytoid  phonolites  from  Tent  Island  [D52E]  and  the  Razorback  Islands 
in  the  Dellbridge  Group  [B.M.  87171,  573  and  D28E].  However,  these  lavas  from  the 
Dellbridge  Group  contain  oiily  a  few  micro-insets  of  pyroxene,  hornblende  insets  are 
not  much  in  evidence,  and  the  projjortion  of  dark  minerals  to  light  is  high  compared 
with  the  Cape  Adare  trachytoid  phonolite. 

The  debris  heap  on  Minna  Bluff,  about  50  miles  to  the  south  of  Ross  Island,  provides 
another  trachytoid  phonolite  [613]  comparable  with  the  one  represented  by  many 
pebbles  on  Cape  Adare  beach  (p.  138),  and,  as  mentioned  above  (p.  136),  another  of  the 
boulders  from  Minna  Bluff  [622]  is  somewhat  similar  to  the  porphyritic  phonolite  pebbles 


*  Cape  Phillips  is  a  little  north  of  Coulman  Island. 

f  It  is  interesting  to  note,  a  propos  of  the  remarks  above  on  Coulman  Island,  that  Prior  had  noticed 
a  close  comparison  between  one  of  the  Mount  Terror  phonolitic  trachytes  and  one  of  the  pebbles  dredged 
off  Cape  Wadworth.  He  also  compared  basalts  from  Coulman  Island  with  a  ‘hornblende-basalt’  from 
Mount  Terror  (1907,  p.  115,  and  plate  8,  fig.  4). 
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from  Cape  Adare.  Another  comparison  made  above  with  a  Cape  Adare  pebble  is  one 
of  the  rocks  recorded  by  Jensen  as  ‘ trachyphonohte ’  from  Cape  Bird  (1916,  p.  119), 
and  other  comparisons  might  be  found  among  Ferrar’s  specimens  from  Brown  Island. 

Again  among  the  basalts  some  comparisons  can  be  made  between  some  of  the 
hornblende-bearing  basalts  of  Cape  Crozier  and  from  Cape  Bird  at  the  south  end  of 
Boss  Island  on  the  one  hand,  and  some  of  the  porphyritic  olivine-basalts  with  horn¬ 
blende  from  Cape  Adare  on  the  other. 

The  general  characters  of  these  basalts  from  Cape  Crozier  and  Cape  Bird  were 
described  briefly  in  the  report  on  the  volcanic  rocks  of  the  Boss  Archipelago  (1954, 
p.  81).  It  should  be  noted  that  many  of  the  ‘hornblende-basalts’  from  Cape  Bird 
described  by  H.  I.  Jensen  (1916,  p.  121)  have  insets  of  labradorite  as  well  as  of  augite, 
and  moreover  they  show  few  or  none  of  ohvine. 

Among  the  basalts  from  Hut  Point  Peninsula  on  Boss  Island  several  of  the  ohwme- 
basalts  with  small  insets  of  augite  and  olivine  (Campbell  Smith,  1954,  p.  76)  are  closely 
allied  to  the  porphyritic  olivine-basalts  of  Cape  Adare,  and  also  some  of  the  Hut  Point 
basalts  of  the  type  described  by  Prior  (1907,  p.  102)  as  ‘hornblende-basalts’  are  similar 
to  some  of  the  Cape  Adare  hornblende-bearing  types.  The  general  impression  one  gets 
by  comparing  the  ohvine-basalts  of  the  two  areas  is  that  the  Hut  Point  basalts  all 
contain  more  abundant  ohvine  insets  than  any  of  those  from  Cape  Adare. 

Such  comparisons  as  have  been  made  above  would  have  more  force  were  they 
backed  by  chemical  analyses  and  by  more  detailed  descriptions  of  the  individual  specimens 
described.  However,  perhaps  sufficient  resemblances  have  been  estabhshed  to  suggest 
a  relationship  between  the  Cape  Adare  lavas  and  some  of  the  volcanic  rocks  from  the 
outlying  parts  of  the  Boss  Island  coast,  though  not  with  knovoi  volcanics  from  the 
main  central  mass  around  Mount  Erebus. 
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EXPLANATIONS  OF  PLATES 

PLATE  I 

Cliff  at  the  northern  end  of  Cape  Adare.  The  boulder-bearing  agglomerate  is  in  the  centre  (p.  125). 

The  boulder-bearing  agglomerate  at  Cape  Adare  (p.  125). 

The  beach  platform  under  Cape  Adare.  Part  of  Ridley  Beach  is  seen  beyond  the  end  of  the  terrace. 

Weathered  ‘variolitic’  phonolite,  Cape  Adare  (p.  124).  Photographs  by  Staff-Surgeon  G.  Murray 
Levick. 

PLATE  II 

Black  glassy  olivine-basalt  with  abundant  plagioclase  laths.  From  exposure  100  yards  N.  of  the 
northern  limit  of  snowdrift,  Cape  Adare.  [432]  x20  (p.  116) 

Dark  grey  holocrystalline  basalt  (Type  B).  From  bluff  near  end  of  upper  beach  platform,  Cape 
Adare.  [391]  x20  (p.  118) 

Contact  of  basalt  (Type  B)  and  xenolith  of  sedimentary  rock.  From  bluff  near  end  of  upper 
beach  platform.  Abundant  quartz  grains  in  the  xenolith  and  at  the  edge.  The  white  space 
in  the  basalt  at  the  lower  end  of  the  figure  is  a  hole  in  the  slide.  [398]  x  20  (p.  121) 

Xenolith  in  basalt  (Type  B)  showing  feldspar  laths  near  the  margin  (left  edge  of  the  figure),  small- 
scale  perlitic  cracks  in  clear  glass  with  crystallites,  passing  into  more  turbid  glass  towards  the 
interior  of  the  xenolith.  From  the  same  exposure.  [398]  x20  (p.  121) 

Part  of  the  same  xenolith  in  basalt  showing  the  rod-hke  bodies  rich  in  hypersthene  and  with 
fringes  of  crystals  of  cordierite.  Many  vesicles  in  the  glass,  x  20  (p.  122) 

Porphyritic  olivine-basalt  (Tjqje  C).  From  900  feet  above  sea-level  on  Cape  Adare.  [232] 
X20  (pp.  119  and  138) 

PLATE  III 

Alkali-trachyte  with  interstitial  sodalite.  Pebble  from  Ridley  Beach,  Cape  Adare.  [370]  x  20 
(p.  136) 

Olivine  insets  rimmed  by  green  pyroxene  in  the  alkali-trachyte  of  fig.  1.  [370]  x20  (p.  136) 

Sanidinite.  A  small  boulder  in  the  agglomerate  on  the  northern  face  of  the  cliff  at  Cape  Adare. 
Aegirine,  dark  with  a  good  cleavage.  The  amphibole  and  magnetite  are  both  appearing  opaque, 
black,  in  the  figure.  The  feldspar  is  anorthoclase.  [686]  Crossed  polaroids.  x20  (p.  131) 

Sodalite-trachyte.  A  boulder  in  the  agglomerate  on  the  northern  face  of  the  cliff.  Cape  Adare. 
[670]  Crossed  polaroids.  x20  (p.  127) 

Sodalite-trachyte.  A  boulder  from  the  agglomerate  on  the  northern  face  of  the  cliff.  Cape  Adare. 
[700].  Insets  of  anorthoclase  and  olivine  crystals  with  a  rim  of  dark  green  pyroxene.  Crossed 
polaroids.  x20  (p.  128) 
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I.  CHEMICAL  COMPOSITION  OF  VOLCANIC  ROCKS  OF  CAPE  ADARE 

Chemical  analyses  have  been  made  of  seven  of  the  rocks  from  Cape  Adare 
described  in  the  previous  number  of  these  reports.  Three  are  of  basalts,  three 
of  phonolites,  and  one  of  a  sanidinite  from  the  boulder-bearing  agglomerate  on  the 
northern  face  of  the  cliff  at  Cape  Adare.  These  analyses  have  been  made  by 
Mr.  D.  I.  Bothwell  in  the  Department  of  Mineralogy,  British  Museum  (Natural 
History).  They  were  not  available  when  the  petrographical  descriptions  of  the 
rocks  were  written,  and,  in  the  light  of  the  results  of  the  analyses,  some  comments 
on  and  amendments  to  those  descriptions  are  now  called  for.  The  analyses  are 
tabulated  in  columns,  33  to  40  of  Tables  VIII  and  IX,  and  X  and  subsequent 
tables  give  the  C.I.P.W.  norms,  the  cation  per  cent  composition,  and  ‘basis’  of 
Niggli  and  Burri  in  conformity  with  the  tables  in  No.  I  of  this  volume  in  which  the 
volcanic  rocks  of  the  Ross  Archipelago  are  described.  The  ‘Niggli  values’  are 
tabulated  in  Table  XII  (p.I65). 


(  Ilivine- Basalts 

On  the  basis  of  their  characters  as  seen  in  hand-specimens  and  thin  sections 
the  Cape  Adare  basalts  were  divided  into  three  types:  A.  Black,  glassy,  aphanitic 
olivine-basalt;  B.  Dark  grey,  holocrystalline  olivine-basalt;  and  C.  Porphyritic 
olivine-basalt  with  insets  of  augite  and  olivine. 

The  first  point  that  emerges  from  a  consideration  of  the  analyses  of  the  three 
olivine-basalts  is  the  close  similarity  in  composition  between  Types  A  and  C 
(Nos.  432  and  245).  The  two  types  were  distinguished  mainly  on  account  of  the 
differences  in  fabric.  Type  A  (p.  115)  being  compact  and  aphanitic,  with  a  partly 
glassy  groundmass,  and  Type  C  (p.  118)  being  porphyritic,  with  insets  of  augite 
and  olivine,  and  occasional  xenocrysts  of  brown  hornblende,  in  a  dense,  black 
groundmass  with  glassy  lustre.  The  analyses  show  that  in  chemical  composition 
these  two  types  are  very  similar.  The  normative  composition  also  is  very  similar. 
The  percentage  of  femic  minerals  is  a  little  higher  in  Type  C.  The  normative 
plagioclase  in  Type  A  (432)  is  An 5 4,  in  Type  C  (245)  Augg,  or  and  lie  are  both 
slightly  higher  in  Type  A  than  in  Type  C. 

Compared  with  chemical  analyses  of  other  South  Victoria  Land  basalts  the 
closest  match  is  presented  by  a  basalt  from  Sulphur  Cones,  Hut  Point  Peninsula, 
described  by  Prior  as  “hornblende-basalt”  [B.M.  87171,  385]  and  re-described  in 
the  preceding  number  of  this  volume  (p.  79).  In  fact  the  two  rocks  are  not  closely 
alike  in  mineral  composition,  and  the  closest  matches  among  the  Ross  Island 
basalts  for  the  Cape  Adare  Types  A  and  C  seem  to  be  the  basalts  of  Cape  Barne, 
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described  in  the  first  place  by  Jensen  from  specimens  collected  on  the  British 
Antarctic  Expedition,  1907-9,  and  re-described  (p.  86)  with  an  analysis  by  D.  I. 
Bothwell  (p.  99,  No.  26a)  from  material  collected  by  Frank  Debenham  on  the 
Terra  Nova  Expedition. 

The  analysis  of  the  Type  B  basalt  (No.  392)  shows  slightly  lower  alkalies 
than  Types  A  and  C  but  the  more  striking  differences  are  a  high  content  of  H  gO  lost 
above  110°C.  and  the  reversal  of  the  FeaOgrFeO  relations,  the  FegOg  being  in 
excess  of  FeO.  This  and  the  lower  alkali-content  induce  notable  differences  in 
the  calculated  norms  (Table  Villa),  but  in  the  ‘Niggli  values’  the  principal  dif¬ 
ferences  are  the  much  higher  si,  compared  with  the  si  for  Types  A  and  C. 

Plotted  on  the  diagram  based  on  variation  of  ‘Niggli  values’  with  si  (this 
volume  No.  1,  Fig.  5,  p.  92)  one  finds  Type  B  at  si  110-5  coming  very  close  to  a 
Cape  Barne  basalt  [r)24R]  while  types  A  and  C  at  si  102  and  97  respective!}^  fall 
on  either  side  of  the  position  of  Jensen’s  basalt  from  Cape  Barne  [J4]  (except 
for  the  f?n  value),  and  ecpially  close  to  Prior’s  ‘hornblende-basalt’  from  Sulphur 
Cones  referred  to  above.  As  has  been  remarked  already  this  ‘hornblende-basalt’ 
does  not  resemble,  either  in  hand-specimen  or  thin  section,  the  Type  A  and  C 
basalts,  but,  contrariwise,  there  is  a  fairly  good  resemblance  between  the  ground- 
mass  of  Prior’s  ‘hornblende-basalt’  and  that  of  the  Type  B  olivine-basalt.  It 
may  be  that  the  siliceous  sedimentary  xenoliths  which  the  Type  B  basalt  has 
partially  digested  has  given  the  rock  an  abnormally  high  silica  content  and  perhaps 
the  high  H2O  + 110°  and  the  oxidation  of  such  a  high  proportion  of  the  ferrous  iron 
in  this  basalt  may  be  other  effects  of  the  same  cause.  A  similar  suggestion  was 
made  to  account  for  the  unusual  composition  of  the  Mount  Cis  ‘trachyte’  (this 
volume.  No.  1,  p.  93). 

A  description  by  Edgeworth  David,  Sineeth  and  Schofield  of  a  pebble  of  a 
porphyritic  olivine-basalt  collected  by  C.  S.  Borchgrevink  from  the  beach  at 
Cape  Adare  in  1895  makes  it  probable  that  this  specimen,  though  evidently  much 
weathered,  is  of  a  rock  similar  to  the  olivine-basalt  Type  C  (see  No.  2,  p.  120). 
However,  the  analyses  (op.  cit.  p.  121,  col.  1)  of  Borchgrevink’s  specimens  shows 
very  much  higher  MgO  and  CaO  and  much  lower  alkalies  than  in  either  the  Type 
C  or  the  Types  A  and  B  analyses. 


TABLE  Vni.  CHEMICAL  ANALYSES,  NORMS,  ETC.  OF  OLIVINE-BASALTS 

33.  Olivine-basalt,  A.  "HI.6".4.4.  100  yards  N.  of  northern  limit  of  snow 

drift  on  Cape  Adare.  D.  I.  Bothwell,  anal.  [432  =  B.M.  1953,  91,  4  ] 

34.  Olivine-basalt,  B.  II  (III). 5". "3.4.  Bluff  near  the  end  of  upper  beach  platform. 

Cape  Adare.  D. I. Bothwell,  anal.  [392  =  B.M.  1953,  91,  40a]. 

35.  Porphyritic  Olivine-basalt,  C.  I1I.6.2(3).4.  Cliff  not  far  from  Borchgrevink’s 

Depot,  Cape  Adare.  D.  1.  Bothwell,  anal.  [245  =  B.'M.  1953,  91,  151]. 
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TABLE  VIII 


a 


b 


Chemical  Analyses 


C.I.P.W.  Norms 


33 

34 

35 

SiOa 

441 

44-5 

43-2 

TiO^ 

3-3 

3-2 

3-8 

AI2O3 

16-7 

15-8 

15-7 

Fe  2O3 

40 

7-3 

4.4 

FeO 

7-9 

4-8 

8-1 

MnO 

0-2 

0-2 

0-2 

MgO 

4-2 

4-1 

5-3 

CaO 

9-7 

9-3 

10-2 

NajO 

5-5 

4.4 

4-9 

K2O 

2-4 

1-6 

2-0 

H2O  + 

1-0 

2-0 

0-9 

H2O- 

0-1 

0-9 

0-1 

P2O3 

1-2 

1-3 

1-2 

CO  2 

— 

— 

— 

Zr02 

— 

— 

— 

SO  3 

— 

— 

— 

SrO 

— 

— 

— 

Totals 

100-3 

99-4 

100-0 

c 

Cation  per  cent 


33 

34 

35 

SiOg 

41 

43-2 

40-5 

TiOo 

2 

3 

2-3 

2-7 

IAI2O3 

18 

2 

18-0 

17-7 

2^6303 

2 

8 

5-4 

3-1 

FeO 

MnO 

G 

3 

4-1 

6-5 

MgO 

5 

9 

5-9 

7-5 

CaO 

9 

6 

9-7 

10-2 

iNa20 

10 

0 

8-3 

8-9 

IK2O 

2 

9 

2-0 

2-4 

H2O  + 

— 

— 

H2O- 

— 

— 

0 

9 

1-0 

0-9 

Totals 

100 

0 

99-9 

100-4 

33 

34 

35 

or 

14-46 

9-45 

11-68 

ab 

10-48 

27-25 

11-53 

an 

13-62 

18-63 

15-01 

ne 

19-60 

5-40 

16-19 

di 

22-13 

14-90 

22-80 

ol 

4-32 

2-38 

5-41 

mt 

5-80 

6-96 

6-50 

il 

6-23 

6-08 

7-30 

Inn 

— 

2-56 

— 

ap 

2-69 

3-02 

2-69 

d 

‘Basis’ 


33 

34 

35 

Cp 

2-2 

2-6 

2-2 

Ru 

2-3 

2-3 

2-7 

Kp 

8-7 

6 

7-1 

Ne 

29-6 

24-8 

26-7 

Cal 

8-2 

11-7 

9-1 

Cs 

8-4 

6-3 

8-6 

Fo 

8-8 

8-9 

11-1 

Fa 

9-5 

6-1 

9-8 

Fs 

4-2 

8 

4-7 

Q 

17-9 

23-2 

17-8 

Q 

19 

24 

19 

L 

49 

45 

45 

M 

32 

31 

36 

71 

0-18 

0-27 

0-21 

Y 

0-27 

0-21 

0-25 
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In  the  77-k  diagram  (No.  1,  fig.  7,  p.  95)  the  points  corresponding  to  Types 
A,  C,  and  B  (cols.  33,  35,  and  34),  fall  (in  that  order)  between  No.  6,  the  trachy- 
toid  phonolite  from  Observation  Hill,  Ross  Island,  and  No.  31  an  olivine-basalt 
[D2F]  from  ‘Black  HilF  in  the  Ferrar  Glacier  region  on  the  mainland. 

The  new  analyses  fill  a  gap  in  the  series  in  this  diagram  and  lie  smoothly 
on  a  curve  between  the  two  points  at  its  ends. 


Phonolite  and  Trachytoid  Phonolites 


The  analysis  given  in  column  36,  Table  IX,  is  of  the  remarkable  phonolite 
with  the  ‘variolitic  structure’  found  at  900  feet  above  sea-level  at  Cape  Adare 
[227].  This  finds  its  nearest  match  among  the  analyses  of  volcanic  rocks  from 
South  Victoria  Land  in  the  trachytoid  phonolite  [188]  from  Cape  Crozier,  analysed 
by  G.  T.  Prior  (No.  1,  col.  3,  Table  la).  Comparison  of  the  two  rocks  shows, 
however,  that  they  bear  no  resemblance  to  each  other  in  mineral  composition. 
Nothing  comparable  to  this  compact  phonolite  from  Cape  Adare  has  been  described 
among  the  Ross  Island  volcanics,  so  for  the  present  it  stands  alone. 

The  analysed  specimen  of  the  trachytoid  phonolite  [584]  is  an  erratic  from 
the  plateau  above  Cape  Adare.  It  is  a  rock  of  the  same  kind  as  one  [231]  collected 
at  900  feet  above  sea-level  on  the  Cape  and  described  in  this  volume  (No.  2,  p.  125). 
Its  chemical  analysis,  given  in  column  37,  Table  IX,  finds  a  tolerably  close 
match  in  an  analysis  by  Prior  of  a  ‘phonolitic  trachyte’  from  Scott  Island  [B.H. 
87171,  973]  quoted  in  column  4,  Table  la  (No.  1,  p.  37). 

By  comparison  the  analysis  of  the  Cape  Adare  trachytoid  phonolite  shows 
lower  AI2O3  and  FeO,  but  higher  FegOg  and  more  HgO  lost  above  110°C.  The 
differences  in  the  ‘Niggli  values’  are  in  the  same  sense,  that  is  lower  al  and  fm 
for  the  trachytoid  phonolite  but  also  it  has  higher  alk,  32*5  as  against  30.^^^ 

In  thin  section  the  Scott  Island  rock  and  the  Cape  Adare  trachytoid  phono¬ 
lite  appear  to  be  roughly  similar  in  mineral  composition.  Comparison  suggests 
that  there  are  more  feldspar  micro-insets  in  the  Cape  Adare  rock,  while  m  the 
vScott  Island  ‘jihonolitic  trachyte’  of  Prior  there  is  more  brown  hornblende  and 
perhaps  more  magnetite  (?),  which  occurs  as  occasional  micro-insets  as  well  as 
in  the  groundmass. 


0  The  ‘Niggli  values’,  and  also  the  other  values,  except  the  analysis  and  the  C.I.P.W.  norms 
given  for  the  Scott  Island  phonolitic  trachjde  given  in  col.  4  of  Tables  Ic-f  are  incorrect.  The  correctly 
calculated  Niggli  values  are  given  in  Table  XII  and  corrections  have  also  been  supplied  on  a  sheet 
of  Errata  for  No.  1.  of  this  volume. 
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The  Scott  Island  rock  in  hand-specimen  is  compact,  fine-grained,  deep  olive- 
grey**^  in  colour,  and  it  breaks  with  an  undulating  platy  fracture.  The  thin  section 
shows  frequent  micro-insets  of  simply  twinned  alkali -feldspar  and  faintly 
purplish,  green-rimmed  pyroxene  prisms,  as  well  as  a  few  brown  amphiboles 
and  magnetites  (as  already  mentioned).  These  micro-insets  lie  in  a  ground- 
mass  consisting  of  laths  and  plates  of  alkali-feldspar,  with  granules  of  a  nearly 
colourless,  or  faintly  yellow  pyroxene  and  also  plates  of  a  pale  green  pyroxene, 
very  small  crystals  of  magnetite  (?)  and  small  areas  of  a  colourless  birefringent 
base  that  may  be  feldspathoid. 

It  is  difficult  to  understand  why  H.  S.  Washington  classihed  this  analysis 
as  ‘trachydolerite’  (1917,  p.  573,  No.  40),*^*  but  he  had  only  the  analysis  to  go  on 
as  Prior  had  not  published  any  detailed  description  of  the  rock.  It  is  to  remedy 
this  position  that  the  above  brief  description  of  the  rock  is  included  here. 

The  third  analysis  (No.  670,  col.  38)  is  of  one  of  the  boulders  of  sodalite- 
trachyte  from  the  ‘agglomerate’  on  the  northern  face  of  Cape  Adare,  described 
in  the  preceding  number  of  this  volume  (pp.  127-8).  The  analysed  specimen  is 
representative  of  the  rocks  there  described,  except  that  olivine,  recorded  as  an 
occasional  constituent  in  these  rocks  (p.  128),  is  very  rare  in  the  thin  sections 
of  the  analysed  specimen.  Also  it  is  evident  from  the  low  CP  that  sodalite  forms 
only  a  small  percentage  of  the  mineral  composition. 

None  of  the  analysed  phonolitic  trachytes  from  South  Victoria  Land  are 
at  all  near  this  sodalite-trachyte  in  composition.  In  the  variation  diagram  based 
on  the  ‘Niggli  values’  it  falls,  owing  to  its  si  value,  near  the  two  analysed  Mt. 
Cis  ‘trachytes’,  but  its  other  values  do  not  fit  in  at  all  well  with  these.  Com¬ 
paring  thin  sections  of  the  two  rocks  one  notes  that  the  Mount  Cis  trachyte  con¬ 
tains  fewer  insets,  its  green  pyroxene  is  relatively  poorly  developed,  and  the  feld¬ 
spar  laths  of  the  groundmass  are  much  more  slender  and  more  closely  packed. 
However,  I  have  recorded  probable  sodalite,  both  as  small  colourless  cubes  (p.  24) 
and  as  interstitial  material  between  the  feldspars  (p.  23)  in  the  Mount  Cis  ‘tra¬ 
chyte’  which  is  another  point  of  resemblance  with  the  sodalite-trachytes.  As 
remarked  above  (p.  25  and  p.  93)  the  Mount  Cis  ‘trachyte’  analyses  may  have 
unusual  composition  owing  to  partial  assimilation  of  so  many  inclusions  of  Beacon 
Sandstone  in  the  ‘trachyte’,  so  that  the  si  values  may  be  relatively  high. 

It  is  of  interest  to  note  a  rather  remarkably  close  similarity  between  the 
chemical  analysis  of  the  sodalite-trachyte  [670]  and  that  of  the  hedrumite  from 
between  Sundet  and  Delingsdal  on  Lake  Asrum,  east  of  Lougenthal,  Hedruni, 


C)  Names  used  for  colours  are  based  on  ‘Color  standards  and  color  nomenclature’.  By  R.  Ridgway. 
Washington,  1912. 

F)  References  given  by  date  and  page  in  parentheses  refer  to  the  list  on  p.l49  of  No.  2  of  this 
volume. 
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in  the  Oslo  region,  described  by  W.  C.  Brogger^^b  The  modal  mineral  composi¬ 
tion  of  the  two  rocks  is  also  very  similar  but  they  differ  notably  in  texture,  the 
hedrumite,  a  dyke,  being  a  medium-  to  coarse-grained  rock  with  trachytic  struc¬ 
ture,  whereas  the  sodalite- trachyte  is  fine-grained  and  porphyritic.  This  contains 
more  nepheline  than  some  hedrumites  described  by  Brogger.  The  mode  calcu¬ 
lated  by  Brogger  shows  7-3  per  cent  nephelme,  and  according  to  Johanssen  ‘the 
pyroxene  is  predominantly  aegirite  with  subordinate  aegirite-augite’;^^^  also  the 
brown  mica,  lepidomelane,  the  predominant  coloured  mineral  in  the  Skirstad 
and  Osto  hedrumites  is  very  subordinate  (3%)  to  the  pyroxene. 

TABLE  IX.  CHEMICAL  ANALYSES,  NORMS,  ETC.  OF  PHONOLITES 

36.  Phonolite.  TI.6.1.4. 

900  feet  above  sea-level.  Cape  Adare. 

D.  I.  Bothwell,  anal.  [227  =  B.M.  1953,  91,  316]. 

37.  Trachytoid  phonolite.  "11. "6. 1.4. 

Erratic  from  plateau  on  the  top  of  Cape  Adare. 

D.  I.  Bothwell,  anal.  [584=B.M.  1953,  90,  57]. 

38.  vSodalite-trachyte.  II'. (5)6.1 '.4. 

Boulder  from  the  ‘agglomerate’  on  northern  face  of  cliff.  Cape  x4dare. 
D.  I.  Bothwell,  anal.  [670=B.M.  1953,  90,  82]. 

TABLE  IX 

a  h 

Chemical  Analyses  C.I.P.W.  Norms 


36 

37 

38 

SiOa 

56-2 

55-5 

59-2 

TiOa 

0-2 

0-6 

0-2 

A1 2O3 

18-7 

18-2 

17-5 

F®  2O  3 

30 

3-9 

3-9 

FeO 

1-8 

3-0 

2-1 

MnO 

0-2 

0-2 

0-2 

MgO 

0-3 

0-9 

0-4 

CaO 

1-6 

3-6 

1-6 

NajO 

9-4 

8-1 

8-2 

K2O 

5-3 

3-9 

5-6 

H2O  + 

2-7 

1-2 

0-6 

H2O- 

0-3 

0-3 

0-1 

P2O5 

0-1 

0-2 

01 

Cl' 

— 

— 

0-3 

Totals 

99-8 

99-6 

100-0 

36 

37 

38 

Q 

— 

— 

— 

or 

31-14 

22-80 

33-36 

ab 

26-86 

40-87 

37-20 

an 

- - 

1-67 

— 

ne 

21-51 

15-05 

11-64 

hi 

— 

— 

0-47 

ac 

8-78 

— 

7-39 

ns 

0-73 

— 

— 

di 

6-5 

7-98 

6-18 

wo 

— 

2-78 

— 

ol 

0-51 

— 

0-35 

mt 

— 

5-57 

1-86 

il 

0-46 

1-22 

0-46 

ap 

0-23 

0-50 

0-34 

C)  Brogger  (W.  C.).  Die  Eruptivgesteine  des  Kristianiagebietes.  III.  Das  Ganggefolge  des 
Laurdalits.  1898,  pp.  185-6,  and  p.  192. 

(2)  Johannsen  (A.).  A  descriptive  petrography  of  the  igneous  rocks.  Vol.  4  (1938),  p.  26. 
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TABLE  IX  (continued) 


c 


d 


Cation  per  cent 


‘Basis’ 


3G 

37 

38 

SiO>, 

,51  -2 

51 

,53-7 

TiO^ 

0-16 

0-44 

0-2 

lAtPs 

20 

19-6 

18-7 

m,o^ 

FeO 

21 

2-7 

2-G 

MnO 

1  -5 

2-5 

1-74 

MgO 

0-4 

1-25 

0-05 

CaO 

1-0 

3-0 

1-G 

iNaaO 

16-7 

14-4 

14-35 

fK^O 

fM 

4-5 

G-5 

H,0  + 

— 

— 

— 

H,0— 

— 

— 

— 

iP205 

0-08 

0-16 

0-1 

Totals 

09 -8 

100-15 

99-5 

3G 

37 

38 

Cp 

0-17 

0-4 

0-3 

Ru 

0-lG 

0-4 

0-2 

Kp 

18-4 

13-5 

19-G 

Ne 

41-8 

43-3 

3G-5 

Ns 

4-1 

— 

3-3 

Cal 

- - 

1 

— 

Cs 

2-25 

4-5 

2-15 

Fo 

0  -  G 

1  -8 

0-8 

Fa 

2-3 

3-7 

2-G 

Fs 

3-1 

4-0 

3-9 

Q 

27-0 

27-4 

30-4 

Q 

27-1 

27  -G 

30 -G 

L 

GO -5 

.58-5 

,5G-5 

M 

12-4 

14-1 

12-85 

TT 

0 

0-02 

0 

T 

0-27 

0-32 

0-22 

Trachyte  and  Sanidinite 

Two  further  analyses  enable  one  to  extend  the  variation  diagram  (this  voh, 
No.  1,  fig.  5)  beyond  the  si  values  of  the  ‘sodalite-trachyte’  and  the  Mount  Cis 
phonolitic  trachyte.  These  are  analyses  of  one  of  the  sanidinite  blocks  from  the 
agglomerate  on  the  north  face  of  the  cliff  at  Cape  Adare  described  in  the  previous 
number  of  this  volume  (pp.  130-132),  and  a  ‘trachyte’  collected  at  Cape  Adare 
[from  the  beach?]  by  C.  E.  Borchgrevink  in  1895  and  described  and  analysed  by 
Edgeworth  David,  >Smeeth  and  kSchofield  (1896,  pp.  473-4).  The  analyses  of 
these  two  rocks  are  given  in  Table  X  and  their  calculated  ‘Niggli  values’  at  the 
top  of  Table  XII. 

The  description  by  Edgeworth  David,  Smeeth,  and  Schofield  of  the  ‘trachyte’ 
is  as  follows: — 

Trachyte  {Nos.  1  and  2) 

“Compact,  greenish-grey  in  colour,  somewhat  fissile.  Sp.  gr.  2.49.  Under 
the  microscope  the  rock  is  seen  to  be  composed  principally  of  sanidine  microlites. 
There  is  a  small  proportion  of  lath -shaped  triclinic  microlites  and  of  crypto - 
crystalline  interstitial  material.  The  sanidines  are  apparently  all  tabular  in 
form,  some  slices  showing  nothing  but  tabular  sections  while  others  yield  only 
lath-shaped  ones. 
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The  feiToniagnesian  constituent  is  rej^resented  by  an  aegirine  which  is  present 
in  considerable  quantity  (probably  nearly  25%  of  the  whole  bulk).  It  exhibits 
brownish-green  to  bluish-green  pleochroism  with  a  small  extinction  angle.  It  is 
uniformly  distributed  in  minute  angular  patches  moulded  on  the  feldspars  with 
here  and  there  a  tendency  to  an  elongated  prismatic  habit.  In  places  it  shows 
ophitic  structure  on  a  small  scale.  The  only  porph\u’itic  constituents  are  a  few 
rounded  grains  of  this  same  aegirme  and  a  few  large  grains  of  magnetite. 

As  accessory  constituents  there  are  a  number  of  minute  flakes  of  a  bro\^Ti 
biotite,  some  needles  of  apatite  included  in  the  feldspars,  a  few  zircons  and  a  little 
magnetite.” 

Among  the  many  pebbles  collected  from  Ridley  Beach  (this  volume,  Xo.  2, 
p.  138)  are  two  of  phonolitic  trachytes  [355,  369]  whose  mineral  composition  and 
structure  agrees  fairly  well  with  the  above  description  of  Borchgrevink’s  speci¬ 
men,  probably  also  a  pebble  picked  up  on  the  shore  (op.  cit.  1896,  p.  468),  but 
the  high  Si02  in  the  chemical  analysis  implies  that  in  this  case  the  rock  is  ‘satu¬ 
rated’  and  nepheline  is  absent  from  the  norm. 

TABLE  X.  CHEMICAL  ANALYSES,  NORMS,  ETC.  OF  SANIDINITE  AND  TRACHYTE 

39.  Sanidinite.  (1)11.5.1. (3)4. 

Boulder  from  the  ‘agglomerate’  on  northern  face  of  cliff.  Cape  Adare. 
I).  I.  Bothwell,  anal.  [686=B.M.  1953,  90(95)]. 

40.  Trachyte,  Edgeworth  David,  Smeeth  and  Schofield,  1896.  AVashington, 

1917,  p.  430. 

Pebble  collected  by  C.  E.  Borchgrevink,  1895,  from  the  beach  at 
Cape  Adare.  J.  A.  Schofield,  anal. 


TABLE  X 


a 

Chemical  Analyses 


39 

40 

SiO, 

GO-O 

61-01 

TiO^ 

0-5 

— 

AROg 

17-3 

16-62 

Fe  2O  3 

1-9 

3  -55 

FeO 

4-3 

2-81 

MnO 

0-2 

0-55 

MgO 

0-4 

0-06 

CaO 

2-5 

3-27 

Na  2O 

6-7 

5-92 

KoO 

5-4 

5-22 

H2O-  110 

0-3 

1-13 

H2O- 

0-2 

— 

P2O5 

0-1 

tr. 

Cl 

less  0  for  Cl 

0-03 

tr. 

100-14 


b 

C.I.P.W.  Norms 


39 

40 

Q 

_ 

0-84 

or 

31-9 

31-14 

ab 

46-56 

49-78 

an 

1-12 

3-34 

ne 

5-57 

— 

di 

9-20* 

6-63 

M'O 

— 

2-20 

hy 

— 

— 

en 

— 

ol 

1-74* 

_ 

mt 

2-76 

5  - 1(^ 

il 

0-9 

— 

hm 

— 

— 

ap 

0-27 

— 

The  di  has  CaSiOj  4-43  and  IRgSiOg  1-0: 
*the  ol  is  fayalite,  Fe.>Si04. 


Total 


100-1 
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TABLE  X  (continued) 


c 


d 


Cation  per  cent  ‘Basis’ 


39 

40 

39 

40 

SiOg 

55-3 

56-5 

Cp 

0-2 

_ 

TiOg 

0-33 

n.d. 

Ru 

0-3 

— 

iAL,03 

18-58 

18-15 

Kp 

18-9 

19-8 

iFe^Oa 

1-35 

2-45 

Ne 

35-5 

32 

FeO 

3-24 

2-17 

HI 

0-1 

— 

MnO 

0-16 

0-44 

Cal 

0-7 

2 

MgO 

0-54 

0-11 

Cs 

3-3 

3-9 

CaO 

2-45 

3-23 

Fo 

0-8 

0-02 

iNaaO 

11-85 

10-6 

Fa 

4-9 

3-3 

fK^O 

6-28 

6-25 

Fs 

2-0 

3-7 

H2O  + 

— 

— 

Q 

33-4 

36-2 

HgO- 

— 

— 

iPzOs 

0-07 

n.d. 

Total 

100-14 

99-90 

Total 

100-1 

100-02 

Q 

33-4 

36 

L 

.55-1 

53 

M 

11-5 

11 

TT 

0-013 

0-04 

0-3 

0-.36 

The  sanidinite  [686],  as  remarked  above,  was  described  in  the  previous  number 
of  this  volume,  a  chemical  analysis  of  its  feldspar  was  given  (p.  131)  and  its  com¬ 
position  and  optical  properties  were  there  discussed.  The  accompanying  minerals 
recorded  were:  “brown  amphibole,  green  pyroxene,  biotite,  and  some  opaque 
‘ore’  and  unidentified  minerals  perhaps  representing  altered  cancrinite  appearing 
in  some  small  interstitial  area  (footnote,  p.  133).  Since  the  publication  of  that 
description  of  the  minerals  further  determinations  of  optical  properties  of  the 
biotite  and  of  the  brown  amphibole  have  been  attempted  with  the  following 
results.  The  biotite  is  biaxial  with  2V  at  least  20°.  The  refractive  index,  y  is 
near  1*67.  Comparable  high  values  for  y  are  recorded  for  siderophyllite  and  also 
for  several  biotites  with  high  FeO  and  low  MgO.  Larsen  and  Berman^ 
quote  one  with  FeO  +  FcgOg  38-4%  having  y  =  1-677,  while  G.  Schauberger 
quotes  an  analysis  for  a  mica,  said  to  be  from  Brevik,  as  having  y  1  *697,  the 
FeO  being  24-36%  and  FcgOg  16-48  with  MgO  1-08. 


(O  Larsen  (EsperS.)  and  Berman  (Harry).  1934.  The  microscopic  determination  of  the  non¬ 
opaque  minerals.  U.S.  Geol.  Surv.  Bulletin  848,  1934,  p.  238. 

(2)  Schauberger  (G.).  1927.  Biotit  in  tertiaren  Eruptivgesteinen  Bohmens.  Centr.  f.  Min.,  Abt. 
A.,  1927,  p.  103. 


‘TERRA  XOVA’  EXPEDITIOX 


1()2 


In  the  calculation  of  mineral  composition  from  the  bulk  analysis  below  the 
mica  is  taken  as  almost  pure  annite  which  corresponds  to  the  Fe-Biotite  of  Burri’s 
conventional  mica  in  the  equivalent  norm  calculations. 

The  amphibole  was  found  to  have  a'  just  al)Ove  1-716  and  below  1-717  and 
y'  near  1-737  with  extinction  angle  c=y  14°.  The  pleochroism  is  intense;  a' 
cinnamon  buff,  y'  dusky  olive-green.  Owing  to  the  high  absorption  a  satisfactory 
measurement  of  the  refractive  index  y'  is  difficult  to  obtain.  These  properties 
indicate  that  the  amphibole  is  prol)ably  referable  to  hastingsite  and  the  high 
refractive  indices  point  to  its  being  near  the  ferrohastingsite  end  of  this  series  as 
inter])reted  by  Winchell. 

A  good  exam])le  of  a  hastingsite  with  high  refractive  indices  and  high  iron 
content  cpioted  by  Winchell  is  a  ferrohastingsite  from  rapakivigranite  at 
Uuksunjoki,  Salmi  area,  Finland:  for  which  «  =  1-702,  c-y:=12°,  2V  very 
small,  and  pleochroism,  a  pale  greenish  brown,  p  dark  greenish  brown,  y  bluish 
green.  The  analysis  of  this  am])hibole  shows  FegOs  5-0,  FeO  26-64,  MgO  1-07. 
(Sahama,  It  is  noteworthy  that  in  the  same  rock  the  biotite  has  a  and  y  near 
1-730  with  2V=22°. 

For  the  composition  of  the  feldspar  we  have  the  analysis  by  Mr.  I).  I.  Both- 
well  referred  to  above.  The  sample  was  slightly  impure  and  after  allowing  for 
this  the  composition  arrived  at  was  Or:Ab:An  =  36:62-6:l -4. 

A  further,  rather  rough,  guide  to  the  mineral  composition  of  the  sanidinite 
is  provided  by  the  relative  pro])ortions  of  feldspar  to  two  fractions  of  magnetic 
coloured  minerals  as  obtained  in  the  magnetic  separation  used  in  preparmg  the 
feldspar  sample  for  analysis.  The  separation  was  not  originally  made  on  a  quanti¬ 
tative  basis  but  the  separate  fractions  were  weighed  later  and  showed: — 

Non-magnetic;  feldspar,  79-3% 

moderately  magnetic;  amphibole  and  biotite,  17-2 

most  magnetic;  magnetite,  etc.,  3-5 

On  calcidating  the  ‘basis’  components  from  the  analysis  of  the  feldspar  it 
was  found  that  the  ratio  of  Ne:Kp  was  1-85.  This  is  very  close  to  the  same 
ratio  Ne:Kp  for  the  sanidinite  (Table  X,  col.  39)  which  is  1-88. 

On  starting  to  calculate  the  mineral  composition  from  the  ‘basis’  of  the 
sanidinite  it  was  decided  to  keep  this  Ne:K]i  ratio  as  close  as  practicable  to  near 
1  -  85-1  -  88,  and  this  controlled  the  relative  proportions  of  Ne  to  be  allotted  to 
the  am])hibole  and  ])yroxene  and  of  Kp  to  the  biotite.  The  pyroxene  was  known 
to  be  aegirine-augite  (]).  132).  The  biotite  is  to  be  calculated  on  Burri’s  formula 


Winchell  (A.  X.).  Elements  of  optical  mineralogy,  Part  11,  4th  ed., 
iSahama  (Th.  G.).  Rapakivi  am]>hibole  from  Unksnnjoki,  Salmi 
Finlande,  1!)47,  Xo.  140,  ])]).  1.59-102. 


1951,  p.  435. 
area.  Rnll.  Com. 
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for  Fe-Biotite,  6Si02.Al203.6(Fe,Mg)0.K20.2H20;  and  the  amphibole  as  ferro- 
hastingsite  according  to  the  formula:  NaCa2(Fe,Mg)4Al3Si6  0  22(0H)2  which  can 
be  written: 

12Si02.3Al203.8(Fe,Mg)0.4Ca0.Na20.2H20. 

The  Fe-Biotite  is  derived  from  Kp  according  to  the  ecpiation: 

6Kp+9(Fe,Mg)0  +  1Q(  +2W)  =  16  Fe-Bi. 

The  Na2  0  for  the  amphibole  must  be  derived  from  Ne,  and,  in  addition 
Na20  for  acmite  must  also  be  found,  as  no  Ns  is  available.  This  can  be  provided 
according  to  the  eciuation: 

(1)  6Ne+3Fs4-lQ=8Ac+2C,  or 

(!')  12Ne+6Fs  +  2Q=16Ac+4C. 

The  ferrohastingsite  is  made  up  according  to  the  equation: 

(2)  6Ne+6Cs+12(Fa,Fo)+4Q(+2W)  =  32Fe-Ha.(‘> 

Combining  equation  1'  and  2  to  eliminate  4C  on  both  sides  of  the  equation 
we  have: 

(3)  18Ne+6Fs  +  6Cs+12(Fa,Fo)+6Q(+2W)-=32  Fe-Ha+16Ac. 

The  fact  that  the  units  of  Ne  in  this  combined  equation  number  18  made  it 
easy  to  keep  the  Ne  taken  for  amphibole  and  pyroxene  at  near  1*8  times  the  Kp 

used  for  biotite.  In  fact  the  ratio  was  only  disturbed  by  the  need  to  take  0-3 

Fa  to  combine  with  0-2  of  the  Ru  for  ihnenite.*^* 

The  calculation  of  the  mineral  composition  follows  the  methods  given  by 
C.  Burri  (1959,  p.  121  et  seq)P'*  The  final  results  obtained,  shown  in  detail  in  the 
adjoining  table,  are: 

Or  Ab  An  Ne  Sod  Wo  Ac  Fe-Bi  Fe-Hat  Mt  11  Tit  Cp  Total 

28-5  49-5  1-2  1-3  1  2-6  3-2  4-8  6-4  0-8  0-4  0-3  0-2  100-2 

In  the  feldspars  and  feldspathoids  the  final  ratio  Ne/Kp  is  1-86.  Feldspar 
constitutes  79-2%  of  the  whole  rock,  and  its  percentage  composition  in  terms  of 
Or:Ab:An  =  35-9:62-5:l -6,  which,  is  in  very  close  agreement  with  the  composi¬ 
tion  deduced  from  feldspar  analysis,  viz:  36:62-6:1-4. 


‘  1  >  F e— Ha = ferrohastingstite . 

See  footnote  to  Table  XI. 

Burri  (C.).  Petrochemische  Berechnungsniethoden  auf  Aquivalenter  Grundlage.  19.59, 
1).  121,  et  seq. 
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TABLE  XI 

CALCULATED  COMPOSITIOX  OF  THE  SAXDIXITE 


Mineral  composition 
derived  from  Basis 

Kp 

Xe 

HI 

Cal 

Cs 

Es 

Fo  Fa 

Cp 

Ru 

Q 

Totals 

18-9 

35  ■  5 

01 

0-7 

3-3 

2-0 

0-8  4-9 

V 

0-2 

0-3 

33-4 

100-1 

6-4  Fe-Ha+3  -2  Ac 

_ 

3-6 

— 

1-2 

1  -2 

2-4 

— 

^  1-2 

9-6 

4-8  Fe-Bi 

1-8 

- 

- 

- 

- 

2-7 

- 

— 

0-3 

4-8 

1  Sodalite 

- 

0-9 

0-1 

- 

- 

- 

- 

- 

— 

,  - 

1-0 

0-4Ihn[+0-I  Q] 

- 

- 

- 

- 

- 

- 

0-3* 

- 

0-2 

- 

0-.5 

0-8Mt[+0-4Q] 

- 

- 

- 

- 

- 

0-8 

0-4 

- 

- 

- 

1-2 

2-6  Wo+0-3Tit 

- 

- 

- 

- 

21 

- 

- 

0-1 

0-7 

2-9 

1-2  An 

— 

- 

- 

0-7 

- 

- 

— 

— 

0-.5 

1-2 

28-5  Or 

17-1 

— 

- 

- 

- 

- 

- 

- 

— 

11-4 

28-5 

49-5  Ab 

— 

29-7 

- 

- 

- 

- 

- 

— 

19-8 

49 -.5 

l-3Ne 

— 

1-3 

__ 

- 

- 

- 

- 

- 

— 

— 

1-3 

0-2  Cp 

- 

- 

— 

— 

— 

— 

0-2 

- 

- 

0-2 

10n-2+0-.5Q 

_ 

_ 

— 

_ 

_ 

_ 

_ 

_ 

_ 

1 

_ 

— O-o  Q 

- 

- 

— 

— 

— 

— 

— 

- 

—0-5 

— 

18-9 

35-5 

01 

0-7 

3-3 

20 

5-8 

0-2 

0-3 

33-4 

100-2* 

*  0-1  Fa  in  excess  of  the  4  •  9  available  was  added  to  avoid  awkward  arithmetic  in  calculating 
the  hornblende,  magnetite  and  ilmenite. 


The  Niggli  values  of  all  the  analyses  of  the  volcanic  rocks  from  both  Cape 
Adare  and  the  Ross  Archipelago  are  set  out  in  Table  XII  in  order  of  decreasing 
si.  It  will  be  noticed  that  qz  values  differ  from  those  given  for  analyses 
of  Ross  Archipelago  volcanics  in  Tables  I-VI  in  Xo.  1  of  this  volume.  Those 
values  were  calculated  incorrectly.  The  correct  values  are  as  now  given  in  the 
last  column  but  two  of  Table  XII. 

The  collected  analyses  have  been  studied  afresh  using  the  variation  diagram, 
the  Q-L-M  diagram  and  others  illustrated  in  Figures  5-8  of  the  report  on  the 
Ross  Island  volcanics.  In  addition  use  has  been  made  of  a  method  employed 
by  C.  Burri  in  his  recent  study  of  the  petrochemistry  of  the  rocks  of  the  Cape 
Verde  Islands.  This  method  introduced  by  A.  Rittmann  in  1933  plots  on  rect¬ 
angular  co-ordinates  the  ‘Silicitication-grade’  (Si°)  against  the  ‘Acidity-grade’ 
(Az°).  These  quantities,  as  defined  by  Rittmann,  are  calculated  from  the  equa¬ 
tions: 

St  St 

Si°  =  -  if  alxilk;  or  Si°  =  -  if  al<alk 

100+4cd^’  100^  Sal -\-alk 

si  si 

Az°  =  -  = - 

si  -b  al  +/W' + c + ui  A:  5^  -f- 1 00 
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Abbreviations  of  analysts’  names: — 

B.  &  W.  =  Burrows  and  Walkom.  H.  =  Hogarth. 

D.I.B.  =  D.  I.  Bothwell.  J.D.E.  =  J.  D.  Easton. 

G.T.P.  =  G.  T.  Prior  N.E.B.  =  N.  E.  Butcher. 
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Plotting  the  analyses  on  this  »Si°-Az°  diagram  shows  that  apart  from  the 
first  five  analyses  in  Table  XIT  all  the  analyses  can  be  regarded  as  belonging 
to  a  single  series. 

The  sanidinite  from  the  agglomerate  at  Cape  Adare,  the  analysis  of  the  ‘tra¬ 
chyte’  described  by  Edgeworth  David  and  others,  and  the  two  analyses  of  the 
‘Mount  Cis’  phonolitic  trachyte  are  rather  widely  separated  from  the  rest.  The 
peculiar  composition  of  these  Mount  Cis  rocks  with  their  xenoliths  of  partly  digested 
sediments  has  been  commented  on  earlier  (this  volume,  p.  25  and  p.  93).  The 
analysis  of  the  sodalite-trachyte  (38),  which  is  also  from  the  agglomerate  at  Cape 
Adare,  also  has  slightly  high  Si°  and  Az°  relative  to  the  main  body  of  the  volcanics. 

Otherwise  only  two  other  analyses  lie  a  little  apart  owing  to  then'  slightly 
high  8i°.  These  are  a  ‘Kulaitic  basalt’  (22)  described  by  Jensen,  and  Prior’s 
type  ‘leucite-kenyte’  (16). 

Apart  from  this  slight  divergence  nothing  new  has  been  observed  to  indicate 
that  any  real  significance  should  be  attached  to  the  author’s  suggestion  that  the 
lavas  of  Mount  Erebus  itself  do  not  fall  in  the  same  differentiation  series  as  the 
“Hut  Point  Peninsula-Cape  Bird  lavas”  (this  vol.,  p.  93).  It  appears  rather 
that  the  Ross  Archipelago  lavas  and  the  Cape  Adare  lavas  can  be  treated  together 
as  one  series. 

The  Si°-Az°  diagram  brings  out  another  point  that  may  be  of  interest.  Burri 
in  his  study  of  the  petrochemistry  of  the  Cape  Verde  Islands  was  led  to  distmguish: 
a  series  (III)  of  extremely  undersaturated  and  often  melilite-bearing  rocks;  a 
series  (II)  of  feldspathoid-rich  rocks;  and  two  series  (la  and  Ib)  of  basaltic-trachytic 
and  basaltic-phonolitic  rocks.  The  Si°-x4z°  diagram  for  the  South  Victoria 
Land  volcanics  shows  a  distribution  of  points  comparable  with  the  series  Ib, 
basaltic-phonolitic  series,  of  the  Cape  Verde  Islands.  Following  up  this  sug¬ 
gestion  by  plotting  the  Niggli  values  for  this  series  on  the  variation  diagram  for 
the  Ross  Archipelago  volcanics  (this  vol.,  fig.  5)  one  finds  a  good  general  agreement 
between  the  two.  The  agreement  is  better  than  that  between  the  variation 
diagrams  for  the  Ross  Archipelago  and  the  Tristan  da  Cunha  volcanics  plotted 
by  Burri  and  Niggli  as  a  representative  of  an  assemblage  of  Atlantic  type,  which 
as  previously  remarked  (this  volume  No.  1,  p.  93)  show  a  general  similarity. 

Rocks  of  these  different  series  which  have  similar  Niggli  values  have  not  been 
found,  on  examination  of  their  thin  sections,  to  resemble  each  other  closely  in 
mineral  composition  and  texture  but,  in  spite  of  that,  the  above  comparisons  as 
regards  the  petrochemistry  do  add  to  the  evidence  that  the  South  Victoria  Land 
volcanics  belong  to  the  ‘Atlantic  type’.  It  would  be  very  interesting  to  make 
similar  comparisons  with  volcanic  rocks  from  Mount  Kenya  and  iMount  Kilimanjaro 
in  particular  and  from  the  Rift  Valley  in  general  whenever  sufficient  analyses  of 
rocks  from  these  areas  are  available. 
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II.  THOLEIITES  FROM  THE  PRIESTLEY  GLACIER, 

TERRA  NOVA  BAY  REGION 

Among  the  erratics  collected  by  Priestley  from  the  outer  moraines  of  the 
Priestley  Glacier  are  some  fine-grained  greyish  olive  to  brownish  drab  rocks  with 
abundant  amygdules  or  vesicles  filled  with  white  zeolites. 

These  rocks  look  so  much  like  old  volcanic  rocks  that  they  were  not  described 
along  with  the  hypabyssal  rocks  of  the  Terra  Nova  Bay  region  although,  as  will 
appear,  they  are  very  closely  akin  to  the  quartz-dolerites  many  erratics  of  which 
occur  also  in  the  Priestley  Glacier  outer  moraine.*'* 

So  far  as  this  author  is  aware  ‘vesicular’  rocks  similar  to  these  have  not  been 
recorded  elsewhere  in  South  Victoria  Land  by  any  of  the  later  Antarctic  expedi¬ 
tions.  It  seems  worth  while  therefore  to  describe  Priestley’s  specimens  in  some 
detail. 

A.  Vesicular  fine-grained  to  medium  grained  basalts  related  to  the  quartz- 
dolerites. 

Nos.  1620,  1831,  1710,  1785,  1945=B.M.  1953,  89  (18,  19,  20  and  21,  40  and  41). 

A  group  of  these  erratics  very  similar  in  texture  to  quartz-dolerites  but  con¬ 
taining  many  irregular  druses  or  small  vesicles  and  a  few  amygdules  filled  with 
zeolites.  They  are  light  greyish  olive  to  hair  brown  in  colour,  medium-grained, 
and  aphyric.  They  consist  of  stout  laths  of  plagioclase,  laths  of  colourless  py¬ 
roxene,  a  few  small  magnetite  cubes,  and  much  interstitial  dark  mesostasis.  The 
pyroxene  occurs  as  plates  between  or  partly  enclosing  the  feldspar,  so  that  the 
texture  is  partly  micro-ophitic  (pi.  1,  fig.  1). 

The  plagioclase  is  labradorite.  The  laths  show  albite  and  Carlsbad  twinning 
and  maximum  symmetrical  extinction  angles  measured  on  the  universal  stage 
indicate  compositions  ranging  from  An^g.^Q.  The  pyroxene,  nearly  colourless 
in  thin  section,  has  2V  50°  to  60°,  and  c:y  43°-45°. 

The  interstitial  mesostasis  in  1710  is  very  dark,  frequently  opaque,  but 
translucent  where  the  section  is  very  thin  and  it  can  then  be  seen  to  be  turbid 
glass  with  swarms  of  globulites,  short  black  rods,  and  very  slender  colourless 
feldspars.  The  two  other  specimens  of  this  group  (1620,  1831)  have  interstitial 
glass  transparent  and  faintly  buff  coloured  in  1620  and  ochraceous  buff  to  ochra- 
ceous  tawny  in  1831. 


Smith  (W.  Campbell).  ‘The  plutonic  and  hypabyssal  rocks  of  South  Victoria  Land’.  Brit. 
Ant.  (“Terra  Nova”).  Exp.  1910.  Nat.  Hist.  Rep.  Geology,  Vol.  1,  No.  6,  1924,  p.  214,  and  map, 
fig.  1,  in  vol.  1,  No.  5b.  p.  146. 


/C£- 


‘TERRA  NOVA’  EXPEDITION 


Di8 


THOLEIITES  FROM  THE  PRIESTLEY  GLACIER,  TERRA  NOVA  BAY 


109 


A  remarkably  fresh  and  compact  specimen  (1945)  is  probably  related  to  these. 
It  is  olivaceous  black  to  iron-grey  in  colour.  Its  texture  is  ophitic  and  the  mesos- 
tasis,  which  occurs  in  nnmerons  small  patches,  is  a  cinnamon-buff  glass  with 
abundant  hair-like  crystallites. 

Other  related  but  finer  grained,  compact,  specimens  (1711,  1807,  1895,  1896), 
several  with  a  very  thin  platy  fracture,  have  the  dark  mesostasis  gathered  in 
numerous  irregular  patches  occasionally  up  to  7  mm.  across.  This  mesostasis 
has  crystallized  out  yielding  abundant  slender  curved  feldspars  and  fern-like 
skeletal  growths  of  magnetite  in  a  cryptocrystalline  perhaps  partly  quartzose 
base.  Within  the  patches  of  mesostasis  there  are  often  also  slender  skeletal 
plagioclase  laths  and  very  long  slender  augite  prisms  (1896). 

B.  In  contrast  to  this  group  with  very  few  vesicles  and  a  close  approach  to 
dolerite  in  texture  there  are  several  specimens  of  a  fine-grained  aphanitic  basalt, 
greyish  olive  in  colour  which  show  numerous  large  vesicles  filled  by  white 
zeolites  and  in  one  case  as  much  as  7  cm.  in  length.  [Nos.  1254,  1798,  1831,  1830]. 
In  thin  section  these  rocks  are  seen  to  consist  of  laths  of  plagioclase,  augite, 
and  some  coloured  interstitial  mesostasis.  The  feldspar  laths  form  a  mesh  or  frame¬ 
work  within  which  lie  platy  crystals  and  grains  of  pyroxene.  There  are  numerous 
small,  rounded  vesicles  in  addition  to  the  large  ones  so  conspicuous  in  the  hand- 
specimens  (pi.  1,  fig.  3). 

The  plagioclase  shows  albite  and  Carlsbad  twins  with  symmetrical  extinction 
angles  of  30°  to  35°  indicating  labradorite  about  An57_g3.  The  pyroxene  is 
augite  with  moderate  2V  and  c:y  39°.  In  one  specimen  [1830]  augite  occurs  as 
microinsets  as  well  as  in  the  groundmass.  The  mesostasis,  vinaceous  fawn  to 
russet  vinaceous  in  colour  gives  weak  aggregate  polarisation  and  contains 
inclusions  of  small  rods  or  lines  of  eubes  of  magnetite  (?).  Presumably  this  is 
devitrified  glass.  The  fieldspars  in  these  specimens  are  partly  replaced  by  zeolites. 

C.  Closely  resembling  this  group  in  mineral  composition  and  texture  are  speci¬ 
mens  of  fine-grained  basalts  with  numerous  sub -rounded  vesicles  and  amygdules 
partly  filled  with  zeolites.  The  colour  of  this  group  is  dark  vinaceous  drab  to 
deep  brownish  drab.  The  plagioclase  and  augite  are  similar  to  those  in  the  group 
just  described,  but  in  some  of  the  specimens  the  feldspars  are  partly  replaced 
by  a  colourless  isotropic  zeolite,  probably  analcime  (?).  Small  amounts  of  fine¬ 
grained  magnetite  (?)  occur  usually  near  the  margins  of  the  area  of  mesostasis. 
The  mesostasis  varies  much  in  amount  from  one  specimen  to  another.  It  is  pale 
brown  in  colour,  is  weakly  birefringent,  and  contains  opaque  granules  and  crystall¬ 
ites,  and  occasionally  also  very  long,  slender  feldspars.  The  feldspars  and  pyroxene 
seem  to  be  similar  to  those  in  the  paler  coloured  vesicular  basalts  described  above. 
Extinction  angles  in  the  plagioclase  laths  indicate  labradorite  near  Aiigg.  The 
augite  has  2V  about  52°  and  cry  43°.  It  occurs  in  prismatic  (columnar)  crystals 
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rather  than  as  plates  and  grains  and  though  frequently  penetrated  by  feldspar 
laths,  the  two  minerals  are  fairly  evenly  distributed  and  both  are  immersed  in, 
or  wrapped  around  by,  the  coloured  mesostasis.  .Specimen  Xo.  1817  is  similar 
to  this. 

Another  examjde  [1783]  is  a  fine-grained  aphyric  basalt,  iron-grey  to 
olivaceous  black  in  colour  and  has  frequent  roughly  spherical  vesicles  of  which 
the  majority  appear  to  be  em])ty,  while  some  very  small  ‘druses’  are  filled  by 
green  chloritic  material.  The  thin  section  shows  a  few  small  insets  of  a  colourless 
]3yroxene  and  some  micro-insets  of  plagioclase.  The  pyroxene  is  enstatite  with 
optic  axial  angle  near  90°,  indicating  about  20^y  Fe.SiOg.  The  plagioclase  of 
some  of  the  micro-insets  is  bytownite  near  Aiigg,  but  the  feldspar  laths  of  the 
groundmass  are  labradorite-bytownite  with  a  range  from  Aiigg  to  An-g  to  judge 
from  extinction  angles  measured  on  the  universal  stage. 

In  this  rock  the  ]3lagioclase  laths  are  very  sharply  defined.  They  penetrate 
and  are  jJartly  enclosed  by  the  colourless  augite  crystals  of  the  groundmass.  Inter¬ 
stices  are  filled  by  dark  ‘glass’  which,  in  very  fhin  section,  has  a  bro-wmish  drab 
colour  and  is  crowded  with  minute  opaque  globules  and  a  few  black  rod-like 
bodies.  Very  noticeable  in  the  section  of  this  specimen  are  circular  areas  filled 
with  black  ‘glass’  like  that  of  the  interstitial  mesostasis  and  in  these  have 
crystallized  slender,  sometimes  curved,  laths  of  feldspar,  and  similarly  slender 
and  skeletal,  augite  prisms.  Small  vesicles  within  these  spherical  bodies  are 
filled  by  pale  green  chlorite.  A  typical  example  of  one  of  these  spherical  mesos- 
tasis-filled  vesicles  measures  1-5  mm.  in  diameter.  (PI.  1,  fig.  4).  Other  ex¬ 
amples  filled  by  a  lighter  coloured  mesostasis  occur  also  in  Xo.  1823.  Similar 
mesostasis-filled  amygdules  have  been  described  from  the  tholeiite  of  the  Coley 
Hill  dike,  nr.  Xewcastle,  Xorthumberland.'*^ 

Another  specimen  to  be  mentioned  is  a  fine-grained,  deep  greyish-olive  basalt 
with  some  very  small  ‘druses’  filled  by  white  zeolitic  material  but  not  otherwise 
vesicular.  Green  material  resembling  celadonite  coats  one  part  of  the  specimen 
[1836]. 

There  are  rare  micro-insets  of  plagioclase  and  a  few  small  insets  of  pyroxene. 
The  pyroxene  insets  are  of  two  kinds.  Many  are  augite,  with  c:y  41°  and  2V 
70°  to  75°;  the  others,  less  frequent,  are  nearly  uniaxial  pigeonite.  Both  py¬ 
roxenes  ai'e  colourless  in  thin  section.  The  texture  of  the  groundmass  is  inter- 
sertal  (pi.  1,  fig.  2).  It  consists  of  small  laths  of  labiadorite  (about  Aiigg),  granular 
pyroxene,  frequent  very  small  grains  of  magnetite  (?)  and  a  mesostasis  of  bire- 
fringent  material,  which  may  be  cryptocrystalline  quartz-feldspar  aggregate.  Its 


(')  Holmes  (A.),  and  Harwood  (H.  F.).  The  tlioleiite  dikes  of  the  North  of  England.  Min. 
Mag.,  1929,  Vol.  22,  pi.  2,  tig.  4,  and  p.  31. 
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effective  refractive  index  is  below  that  of  Canada  balsam.  Occasionally  the 
mesostasis  shows  traces  of  radial  structure.  The  augite  grains  in  the  groundmass 
are  slightly  altered  and  darkened  at  their  edges,  and  there  is  also  present  some 
green  chloritic  material  which  occasionally  invades  the  larger  feldspar  laths. 

D.  Specimens  of  greyish  olive  aphanitic  basalt  [1454,  1618A,  1947,  1972], 
some  of  which  have  a  glassy,  tachylytic,  selvage  along  one  face,  probably 
represent  a  marginal  facies  of  rocks  like  those  described  above  [1254,  1798,  1830, 
etc.]  (p.  169).  They  have  elongated,  irregularly  shaped  vesicles  filled  with  fibrous 
zeolites. 

Under  the  microseope  it  is  seen  that  there  are  frequent  micro-insets  of  labra- 
dorite  and  rare,  colourless  micro-insets  of  an  orthorhombic  pyroxene.  This  is 
enstatite  with  2V  very  near  90°.  The  whole  of  the  groundmass  is  microspheru- 
litic.  In  very  thin  parts  of  the  sections  it  can  be  seen  that  many  of  the  spherulitic 
growths  have  formed  about  a  skeletal  prism  of  clino -pyroxene,  and  that  from  this 
radiate  fine  fibres  and  beautiful  feathery  growths  of  feldspar.  The  fibres  in  the 
spherulites  are  extremely  slender  and  the  general  effect  in  thin  section  is  to  give 
a  prevailing  turbid  brownish  colour  to  the  groundmass. 

All  the  rocks  here  described  are  more  or  less  vesicular.  In  several  specimens 
the  vesicles  are  up  to  7  cm.  in  length  and  filled  by  fibrous  zeolites  in  others  they 
are  smaller,  rounded  and  only  partially  filled.  In  most  cases  there  are  very 
narrow  linings  of  a  chlorite-like  mineral,  and  in  some  specimens  green  material 
of  this  kind  completely  fills  small  vesicles  or  druses.  Preliminary  identifications 
of  the  zeolites  occupying  the  vesicles  in  these  rocks  were  made  by  Mr.  M.  J.  Canham 
while  working  in  the  Department  of  Mineralogy  as  a  vacation  student  in  the  summer 
of  1960. 

The  rather  large,  conspicuous,  vesicles  described  above  in  one  group  of  these 
rocks  (p.  169)  are  filled  mainly  by  stilbite,  which  occurs  in  long  prismatic  groups 
sometimes  completely  filling  the  rather  flattened  vesicles.  The  dominant  zeolite 
in  the  smaller,  rounded  vesicles  in  No.  1830  is  heulandite,*^’ associated  with  anal- 
cime  and  very  finely  fibrous  natrolite  or  thomsonite: 

Little  vesicles  in  the  rather  fine-grained  tholeiites  in  the  first  group  described 
(p.  167)  are  sometimes  completely  filled  by  single  plates  of  stilbite  and  others 
have  a  fibrous  zeolite,  thomsonite  or  scolecite,  in  a  matrix  of  analcime.  Occasion¬ 
ally  the  centre  is  filled  by  quartz. 

Small  vesicles  in  the  brownish  drab  tholeiites  (p.  169)  are  occupied  by  stil- 
l)ite  associated  with  some  heulandite,  and  the  same  two  zeolites  are  found  in  the 


(')  This  structure  resembles  those  described  in  some  spherulitic  tachylytes,  e.g.  in  some  of  the 
tholeiites  of  Mull.  Mem.  Geol.  Survey  Scotland,  1924,  Tertiary  .  .  .  geolog}^  of  Mull  .  .  .  p.  285. 

(2)  Heulandite  in  No.  1830  was  confirmed  by  X-ray  powder  photograph  (X.  8968). 
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vesicles  of  the  greyish-olive  microspherulitic  specimens  (D.  p.  171).  In  this  last 
group  apophyllite  also  is  present,  and  is  readily  recognized  by  the  pearly  cleavage 
surfaces  displayed.  It  is  associated  also  with  fibrous  natrolite. 

The  above  description  shows  that  these  fine-grained  vesicular  rocks  have 
much  in  common  as  regards  both  mineral  composition  and  texture.  It  seems 
probable  that  they  are  closely  related  to  one  another  and  are  probably  all  derived 
from  the  same  rock  formation. 

Petrographically  they  are  similar  to  tholeiites.  Comparison  with  thin  sec¬ 
tions  of  typical  tholeiites  from  well  known  localities  confirms  this.  For  instance 
there  is  a  striking  resemblance  between  the  fine-grained,  greyish-olive  ‘basalt’ 
1836]  (p.  170)  and  a  specimen  of  tholeiite  from  the  Acklington  dike  at  Debdon 
near  Rothbury,  Northumberland.  A  further  point  of  resemblance  with  the 
tholeiites  of  the  north  of  England  is  the  presence  in  the  fine-grained  ‘basalt’  [1783] 
of  spherical  vesicles  filled  with  the  dark  mesostasis  described  above  (p.  170). 
Precisely  similar  spherical  vesicles  were  described  from  the  Tynemouth  dike  by 
Sir  J.  J.  H.  Teall  in  1889,'^’,  and,  more  recently,  they  have  been  recorded  and 
figured  by  Holmes  and  Harwood  in  the  Coley  Hill  dike,  a  tholeiite  of  Acklington 
type.<^*  Teall  noted  the  spherical  form  and  also  the  fact  that  the  plagioclase 
laths  lie  tangentially  to  the  surface  of  the  spheres  and  he  gave  the  explanation 
of  these  structures.  They  are  bubbles  formed  after  the  crystallization  of  the  insets 
and  feldspar  laths  and  before  the  consolidation  of  the  groundmass.  The  mesos¬ 
tasis  oozed  into  some  of  the  bubbles  completely  filling  some  and  partially  filling 
others.  In  the  Antarctic  counterpart  [1783]  some  of  the  bubbles  contain  no 
mesostasis.  These  are  lined  with  chlorite  but  may  be  otherwise  empty. 

Another  point  that  calls  for  special  remark  is  the  identification  of  small 
insets  of  pigeonite  together  with  insets  of  augite  in  specimen  1836,  and  of  small 
insets  of  orthopyroxene  near  enstatite  in  specimens  1783  and  1785  and  in  the 
microspherulitic  ‘basalts’  (D.  p.  171). 

The  early  formation  of  enstatite  or  hypersthene  in  tholeiites  is  well  knovn. 
Holmes  and  Harwood  (op.  cit.  p.  29  and  p.  31)  have  recorded  it  as  ‘rare  stumpy 
prisms’  in  the  Acklington  dilve  referred  to  above,  and  the  Colej"  Hill  dike  is  a 
similar  type.  On  the  other  hand  the  presence  of  insets  of  pigeonite  in  effusive 
rocks  is  exceptionally  rare  as  noted  by  Hess.’^*  H.  Kuno*'**  described  it  as  insets 
in  the  pyroxene-andesites  of  the  Hakone  volcano,  Honshu,  Japan,  where  its  pre- 


Teall  (J.  J.  H.).  On  the  amygdaloids  of  the  T\Tieniouth  dyke.  Geol.  Mag.,  1889,  dec.  3, 
Vol.  6,  pp.  481-3,  pi.  14. 

‘2)  Holmes  (A.)  and  Harwood  (H.  F.).  Min.  Mag.,  1929,  Vol.  22,  p.  31  and  pi.  2,  fig.  4. 

Hess  (H.  H.).  PjToxenes  of  common  mafic  magmas.  Amer.  Min.,  1941,  Vol.  26,  p.  533. 
Kuno  (H.).  Preliminary  note  on  the  occurrence  of  pigeonite  as  phenocrysts  in  some  py¬ 
roxene-andesites  from  Hakone  volcano.  Journ.  Geol.  Soc.  Japan  (Tokyo),  1935,  Vol.  42,  pp.  39-44. 
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sence  has  been  explained  by  supposing  that  the  pigeonite  began  to  crystallize 
in  depth  and  the  magma  containing  it  was  suddenly  extruded.*** 

In  Mull  A.  L.  Hallimond  recorded  uniaxial  augite  (pigeonite)  as  rounded 
insets  in  an  inninmorite  intrusive  sheet  at  Pennygaeb^*.  Also  under  the  name  of 
enstatite-augite  it  is  recorded  in  Mulb^*  as  small  rounded  insets  in  craignurite, 
and  in  the  form  of  pseudomorphs  in  rocks  ranging  from  granophyre  to  quartz - 
dolerite,  but  all  these  are  intrusive  rocks.  It  seems  most  likely  that  our  erratic 
[1836]  containing  pigeonite  is  itself  an  intrusive  rock. 

The  same  conclusion  as  to  their  probable  intrusive  character,  may  be  drawn 
from  the  petrography  of  many  of  the  other  rocks  here  described  as  tholeiites. 
All  the  tholeiites  of  the  north  of  England  described  by  Holmes  and  Harwood 
are  dike-rocks,  and  the  tholeiites  of  Mull  and  Ardnamuchan  are  either  cone- 
sheets  or  dikes.  Most  of  the  European  tholeiites  are  intrusive  rocks. 

It  seems  very  likely  then  that  except  perhaps  for  the  most  highly  vesicular 
examples  these  tholeiite  erratics  are  derived  from  small  intrusions  and  not  from 
lava  flows.  As  such  they  will  represent  a  fine-grained  variation  of  the  quartz- 
dolerites  and  these  in  turn  presumably  belong  to  the  great  dolerite  sills  intruding 
the  Beacon  Sandstone  which  is  abundantly  represented  among  the  erratics  of  the 
Priestley  Glacier.  The  highly  vesicular  specimens  may  indeed  be  derived  from 
effusive  rocks  and  if  so  they  are  the  only  evidence  of  a  volcanic  phase  of  the  Ferrar 
Dolerite*"**  so  far  recorded. 


Hess  (H.  H.),  op.  cit.  supra,  p.  581. 

<2*  Hallimond  (A.  L.).  Optically  uniaxial  augite  from  Mull.  Min.  Mag.,  1914,  Vol.  17,  p.  97. 
Bailey  (E.  B.)  and  others.  Tertiary  and  Post-Tertiary  Geology  of  Mull  .  .  .  Mem.  Geol. 
Surv.  Scotland,  1924. 

<4)  Harrington  (H.  J.).  Nomenclature  of  rock  units  in  the  Ross  Sea  Region,  Antarctica.  Nature, 
1958,  Vol.  182,  p.  290. 
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III.  VOLCANIC  ROCKS  FOUND  AS  ERRATICS  IN  THE 
TERRA  NOVA  BAY  REGION 


Several  small  erratics  of  volcanic  rocks  were  found  by  Priestley  in  the  moraines 
of  the  Boomerang  and  Campbell  Glaciers.  Some  were  collected  at  Camp  7  on 
19th  Jan.  1912,  a  few  at  the  nunatak  at  the  entrance  of  the  Boomerang  Glacier, 
and  a  few  more  further  out  near  Inexpressible  Island  {see  map,  fig.  1).  The 
Camjibell  Glacier  commences  ‘on  the  neck  between  IMoimt  Dickason  and  Mount 
Melbourne’**’  Priestley  found  a  granite  ridge  covered  with  erratics  among  which 
olivine-basalt  was  very  common,  and  a  nunatak  up  the  glacier  was  found  to 
consist  ‘of  red  and  black  basalt,  being  quite  clearly  the  southernmost  outlier  in 
this  region  of  the  volcanic  series’  [of  Mount  Melbourne]. 


The  Boomerang  Glacier  is  a  tributary  of  the  Campbell  Glacier  coming  in  on 
its  westward  side  with  walls  of  granite  and  schist  but  in  its  upper  course  it  bends 
north-east  and  is  probably  fed  by  ice  which  comes  from  between  Mount  Dickason 
and  Mount  Melbourne  as  in  the  case  of  the  Campbell  Glacier  (op.  cit.  p.  61). 


Distant  observations  by  Ferrar  and  others  have  indicated  that  IMount  IMel- 
bourne  consists  of  volcanic  rocks*^’  but  it  has  never  been  reached.  Specimens 
collected  on  the  Southern  Cross  Expedition  labelled  ‘Newnes  Land’  were  thought 
to  have  come  from  Mount  Melbourne,  presumably  coastal  cliffs,  but  the  specimens 
arrived  in  London  unlabelled  and  their  localities  were  only  guessed  at  by  Lieutenant 
Colbeck  and  L.  Bernacchi  by  comparisons  with  their  own  specimens  and  from 
memory.  Such  material  cannot  be  regarded  as  trustworthy  samples.  The 
erratics  from  the  Boomerang-Campbell  moraines  collected  by  Priestley  thus 
provide  the  first  reliable  samples  of  the  rocks  of  the  Mount  Melbourne  volcanic 
centre. 

Seven  of  the  erratics  collected  are  basalts.  One  (1496),  hematite-red  in 
colour,  is  fine-grained,  and  slightly  scoriaceous  and  contains  some  inclusions 
consisting  of  granular  quartz.  These  resemble  fragments  of  Beacon  Sandstone. 
A  fresher  example  probably  of  the  same  kind  of  basalt  is  from  the  nunatak  at 
the  entrance  of  Boomerang  Glacier  (1500  J).  This  is  a  very  fine-grained,  slightly 
vesicular  black  basalt.  It  has  abundant  micro-insets  of  plagioclase,  olivine,  and 
augite  in  a  black,  extremely  fine-grained  base  of  feldspar  microliths,  grains  of 
magnetite,  and  pyroxene  and  some  doubtful  interstitial  glass. 


Priestley  (R.  E.).  Physiography  (Robertson  Bay  and  Terra  Nova  Bay  Regions).  Brit. 
(Terra  Nova)  Ant.  Exp.  I9I0-I9I3,  1923,  p.  59. 

See  this  volume,  footnote,  p.  111. 
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kSimilar  to  this  })iit  with  the  insets  of  plagioclase,  augite  and  olivine  all  better 
developed  is  1357  T.  The  plagioclase  is  labradorite  near  Aiigg-  [The  augite,  very 
pale  buff,  has  2V  near  60°].  The  groundmass  is  extremely  fine-grauied  and  very 
dense.  A  small  inclusion  seen  in  the  thin  section  of  this  basalt  consists  of  granular 
cpiartz. 

Two  of  the  basalts  contain  insets  of  olivine  up  to  1  cm.  across  in  a  fine-grained 
base  iron-grey  in  the  hand-specimen.  This  groundmass  consists  of  abundant 
laths  of  labradorite,  augite  and  small  cubes  of  magnetite  with  an  interstitial 
colourless  base.  In  one  of  the  specimens  (1304)  this  is  crowded  with  mmute 
rods  of  ilnienite  or  magnetite,  but  in  the  other  (1503)  some  of  it  appears  to  be 
alkali-feldspar  containing  minute  flakes  (biotite  ?)  and  needles  of  apatite  (?). 

The  remaming  two  basalts  (1499,  1502)  are  similar  in  the  hand-specimen  to 
the  last  described  (1503)  but,  in  addition  to  the  large  olivine  insets,  they  have 
large  black  insets  of  augite  as  well.  The  groundmass  is  very  fine-grained  and 
iron-grey  in  colour.  It  consists  of  abundant  laths  of  labradorite  (Aiigg),  crystals 
of  augite  and  cubes  of  magnetite  (?)  and  occasional  olivines,  with  small  amounts 
of  a  colourless  base.  This  colourless  base  contains  abundant  little  hair-like  and 
rod-like  erystallites  arranged  in  parallel  groups  like  skeletal  erystals. 

These  basalts  with  msets  of  augite  and  olivine  resemble  tolerably  well  type 
C  from  Cape  Adare  (p.  118)  except  that  brown  hornblende  is  not  found  in  the 
erratics  from  the  Boomerang-Campbell  moraines.  The  three  basalts  with  insets 
or  micro-insets  of  plagioclase,  augite,  and  olivine  are  less  confidently  compared 
with  the  black  glassy  olivine-basalts,  type  A  (p.  115).  These  two  varieties  of 
basalt,  as  has  been  shown  in  an  earlier  ehapter  (p.  151),  are  very  similar  in  com¬ 
position  though  slightly  different  in  the  habit  and  distribution  of  the  minerals. 
It  must  be  noted  also  that  basalts  like  the  Cape  Adare,  type  C,  with  augite  and 
olivine  insets  are  represented  among  erratics  on  the  plateau  above  the  Cape  (p.  138). 
Also  one  of  the  second  group  (1496)  matches  tolerably  well  some  pebbles  from 
Ridley  Beach  (343  and  430),  and  one  erratic  from  the  Newnes  Glacier  (GN  962). 

The  middle  group  (1304,  1503)  with  insets  of  olivine  up  to  1  cm.  across  find 
no  exact  match  among  the  Cape  Adare  specimens,  but  there  are  similar  basalts 
in  the  Hut  Point  Peninsula,  e.g.  D25H  and  D20H  from  Harbour  Heights  (p.  77), 
and  also  among  the  basalts  from  the  recent  craters  on  the  mainland  m  the  Ferrar 
Glacier  region  (I)2F,  p.  89). 

One  of  the  basalts  with  large  augites  and  olivme  (1500)  also  can  be  matehed 
by  specimens  from  these  recent  craters  (D13K  and  I)16F). 

It  is  interesting  also  to  note  that  inclusions  of  sandstone  and  of  dolerite 
were  detected  in  the  basalts  of  Cheyenne  Crater  and  from  the  lava  flow  on  the 
opposite  side  of  the  Taylor  Valley  as  they  are  m  some  of  the  erratics  from  the 
Boomerang-Campbell  moraine. 
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One  of  the  basalts  of  the  Boomerang-Campbell  moraine  (Camp  7,  19/1/12) 
is  a  trachybasalt,  perhaps  comparable  to  mugearite  (1511).  It  is  fine-grained, 
aphanitic,  and  slate-olive  in  colour.  This  contains  some  micro-insets  of  plagio- 
clase  and  augite,  and  small  magnetites  in  a  very  fine-grained  groundmass 
of  short  laths  of  oligoclase  (An 35),  small  magnetites,  many  bright,  colourless, 
little  crystals  of  olivine  and  augite,  abundant  small  cubes  of  magnetite  and  a 
colourless  interstitial  base  of  alkali-feldspar. 

There  is  one  other  specimen  like  this  among  the  erratics  from  the  Priestley 
C  lacier. 

Similar  rocks  are  found  among  the  pebbles  on  Ridley  Beach  (332,  333).  One 
of  these  is  described  (p.  139)  as  ‘either  trachybasalt  or  tephrite’.  It  has  a  better 
developed  trachytic  texture.  Another  rather  similar  pebble  but  definitely  more 
basic  was  described  as  an  aphanitic  basalt  ‘perhaps  near  to  the  trachybasalts’ 
(372,  p.  139). 

Some  of  the  basalt  erratics  described  above  (1304,  1503)  were  compared 
with  basalts  from  Hut  Point  Peninsula. 

Another  close  similarity  between  specimens  from  the  Hut  Point  Peninsula 
and  erratics  from  the  Boomerang-Campbell  moraines  is  found  in  a  specimen  of 
basalt-tuff  (1290,  1334).  This  is  very  similar  to  a  tuff  from  ‘Boulder  Cones’ 
(D28H),  p.  15.  Similar  tuff's  were  also  found  by  Priestley  in  the  moraines  of  the 
Murray  Glacier  and  have  been  fully  described  (p.  145).  The  specimen  from 
the  Boomerang-Campbell  moraine  contain  precisely  similar  lapilli  of  yellow-glass 
and  basalt  lapilli  with  a  very  fine-grained  groundmass  but  they  do  not  contain 
the  variety  of  lapilli  found  in  the  Murray  Glacier  tuffs.  The  glassy  lapilli  consist 
of  buff  yellow  to  maize-yellow  glass  crowded  with  small  spherical  vesicles, 
and  also  spheres  of  slightly  darker  yellow  ‘glass’  showing  a  black  cross  between 
crossed  nicols.  In  addition  there  are  frequent  crystals  of  plagioclase  and  of 
colourless  olivine.  Some  of  the  spherical  vesicles  contain  tufts  of  a  colourless 
mineral  with  positive  elongation  and  refractive  index  less  than  balsam,  ])robably 
a  zeolite. 

Besides  the  erratics  of  olivine-basalts  Priestley  found  a  few  of  alkali-trachytes. 
One  of  these  (1500  H)  was  collected  at  the  nunatak  at  the  entrance  to  the  Boome¬ 
rang  Glacier.  The  others  were  found  among  erratics  on  Inexpressible  Island. 

The  sj)ecimen  from  the  nunatak  is  a  rounded  ])ebble,  deep  olive-grey  on  a 
freshly  broken  surface,  and  very  slightly  vesicular.  It  consists  of  small  laths 
and  plates  of  alkali- felds])ar  with  frequent  small  grains  and  prisms  of  pale  green 
pyroxene  and  very  small  magnetites.  Some  of  the  pyroxene  is  interstitial  to  the 
feldspar  laths,  but  there  is  also  some  rather  turbid  interstitial  material  and  some 
which  is  colourless  and  isotropie  and  so  may  be  sodalite.  The  only  micro-insets 
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are  of  a  greenish-grey  pyroxene  as  crystals,  0'05  nnn.,  across  and  somewliat  larger 
crystals  of  nearly  colourless  olivine  and  of  magnetite.  These  average  ()-18  mm. 
in  diameter. 

The  other  alkali-trachytes,  from  Inexpressible  Island,  came  no  douljt  down 
the  Campbell  or  Boomerang  Glacier.  They  are  very  small  fragments,  tea-green 
in  colour  and  showing  on  the  broken  surfaces  glistening  feldspar  cleavage  faces. 
In  thin  section  they  are  seen  to  have  a  fine-grained  groundmass  consisting  mainly 
of  slender  laths  of  alkali-feldspar,  like  that  of  the  specimen  just  described,  but 
they  have  also  frequent  insets  of  alkali-feldspar,  and  micro-insets  of  a  green  py¬ 
roxene  and  of  magnetite.  No  olivine  micro -insets  were  seen.  The  pyroxene  is 
pleochroic  from  deep  grape-green  to  honey-yellow.  The  felds])ar  insets  are  simple 
Carlsbad  twins  and  have  extinction  angles  of  10°  to  15°. 

Alkali-trachytes  rather  similar  to  these  are  known  among  the  ]:)ebbles  on 
Ridley  Beach  (668,  579,  584,  p.  135),  and  they  occur  also  as  erratics  on  the  plateau 
on  the  top  of  Cape  Adare  (]).  136)  and  as  boulders  in  the  agglomerate  in  the  face 
of  the  cliff’  at  the  north  end  of  the  Cape  (p.  129). 

The  erratics  on  the  plateau  may  have  been  carried  by  ice  from  the  Mount 
Melbourne-Mount  Dickason  volcanic  centres  {see  Priestley,  op.  cit.  1923,  p.  10), 
and  the  pebbles  on  Ridley  Beach  may  be  derived  either  from  erratics  fallen  from 
the  plateau,  or  from  material  carried  up  the  coast  from  further  south,  but  the 
alkali-trachyte  boulders  in  the  agglomerate  cannot  be  accounted  for  in  either 
of  these  ways.  Either  they  must  be  erratics  like  the  ‘quartzite’  and  dolerite 
and  other  igneous  rocks  described  by  Priestley,  or  they  must  be  volcanic  rocks 
thrown  up  or  brought  into  the  agglomerate  of  a  volcanic  vent,  as  the  sanidinite 
‘bombs’  must  have  been  (this  volume,  p.  135).  In  either  case  they  would  be 
among  the  earliest  volcanic  rocks  of  the  Cape  Adare  centre.  (Priestley,  op.  cit. 
1923,  p.  11). 

No  volcanic  rocks  of  this  kind  were  found  associated  with  basalts  of  Hut 
Point  Peninsula,  but  somewhat  similar  rocks  are  recorded  from  the  neighbour¬ 
hood  of  Mount  Terror  and  Cape  Crozier,  and  on  the  Dellbridge  Islands  in  the 
McMurdo  Sound  Region  as  well  as  from  a  debris  heap  on  Minna  Bluff  (p.  147). 

That  they  are  available  at  some  places  down  the  coast  between  Cape  Adare 
and  Newnes  Bay  is  indicated  by  the  presence  of  phonolitic  trachytes  and  trachy- 
toid  phonolites  in  material  dredged  off  Cape  Adare  and  west  of  Coulman  Island 
(p.  147),  and  Lieutenant  Colbeck  on  the  Southern  Cross  Expedition  found  a  frag¬ 
ment  of  alkali -trachyte  or  phonolitic  trachyte  on  an  ice-floe  in  Wood  Bay.*'' 


O'  Prior  (G.  T.),  Report  on  the  rock-specimens  collected  by  the  ‘Southern  Cross’  Antarctic 
Expedition.  In  Report  on  the  collections  of  Natural  History  made  in  the  Antarctie  Regions  .  .  . 
London,  1903,  p.  330. 
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It  is  more  fine-grained  than  any  of  the  Eidley  Beach  alkali-trachyte  pebbles 
examined,  but  clearly  related  to  them. 

An  erratic  of  kenyte  (1312)  found  at  Evans  Coves  is  of  considerable  interest. 

Numerous  erratics  of  this  readily  recognizable  porphyritic  lava  were  recorded 
by  Edgeworth  David  and  Priestley  during  the  Shackleton  Expedition  on  Cape 
Roberts  south  of  the  entrance  of  Granite  Harbour  at  about  20  to  30  feet  above 
sea-level.  Their  presence  there  was  attributed  to  transport  by  floatmg  ice  from 
Ross  Island<^b 

Priestley  found  two  kenyte  boulders  on  the  raised  beach  at  Evans  Coves 
of  which  the  specimen  now  described  is  one.  It  measures  20  X  14  X  6  cm.,  is  roughly 
elliptical  in  outline,  and  one  side  is  discoloured  as  if  it  had  lam  m  one  position 
for  a  long  time.  The  other  specimen  was  the  size  of  a  man’s  head.  The  two 
blocks  of  kenyte  lay,  the  one  at  80  and  the  other  about  50  feet  above  sea-level. 
At  this  level  local  erratics  were  almost  wanting.  Also  nothmg  approacliing 
kenyte  in  composition  or  appearance  was  seen  amongst  the  erratics  found  on  the 
foothills  or  on  the  moraines  of  the  glaciers.*^’  Priestley  concludes  that  the  two 
boulders  of  kenyte  ‘came  from  the  south  in  the  neighbourhood  of  McMurdo  Somid, 
probably  from  one  of  the  spurs  of  Mount  Erebus  itself,  on  a  piece  of  floe  ice  or  a 
small  berg  which  stranded  on  the  beach  before  the  recent  elevation  [of  the  beach] 
had  commenced’.  (Priestley,  op.  cit.  1923,  p.  56).  This  is  an  important  piece 
of  evidence  in  support  of  Priestley’s  opinion  that  the  raised  beach  at  Evans  Coves 
is  very  recent. 

The  identiflcation  of  the  boulder  (1312)  with  kenytes  described  from  Ross 
Island  is  amply  confirmed  by  the  petrographical  examination  of  the  specimen. 

A  cut  surface  on  the  specimen  shows  abundant  typical  lozenge-shaped  insets 
of  ‘anorthoclase’  up  to  2  cm.  in  cross-section  in  a  black,  slightly  vesicular,  glassy 
base.  The  crystals  have  not  weathered  out  much  on  the  surface.  In  thin  section 
the  glass  is  near  cinnamon  buff  to  pale  pinkish  buff.  In  addition  to  the 
anorthoclase  there  are  some  jiyroxene  insets  accompanied  by  small  magnetites 
and  apatites  and  occasional  small  olivine  crystals.  In  all  these  respects  the 
boulder  closely  resembles  several  of  the  glassy  kenytes  described  from  Ross  Island. 


David  (T.  W.  E.)  and  Rriestlej^  (R.  E.),  Brit.  Ant.  E.xp.  1007-9,  Geolog}',  vol.  1,  1914,  x^.  82. 
The  only  other  sx^ecimen  with  anorthoclase  insets  that  has  been  found  in  the  Terra  Xova 
Bay  or  Cax^e  Adarc  Region  is  one  collected  on  the  Southern  Cross  Exx^edition  at  Cape  Adare  [B.M. 
85752,  24].  This  was  described  by  Prior  (oxJ.  cit.  1903,  x^-  329)  and  re-described  on  x^-  137  of  this 
volume,  where  it  is  noted  that  its  feldsx)ars,  both  in  size  and  habit,  are  quite  unlike  those  in  the  Mount 
Erebus  kenytes.  Nor  are  they  like  the  felds|)ars  in  the  boulder  from  Evans  Coves. 
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IV.  VOLCANIC  ROCKS  FOUND  AS  ERRATICS  AT  GRANITE  HARBOUR 

Debenham’s  collection  of  rocks  from  Granite  Harbour  includes  four  speci¬ 
mens  of  volcanic  rocks.  These  are  erratics,  numbered  D52G  and  listed  as:  ‘Lavas, 
erratic  at  Granite  Harbour’.  They  are  of  considerable  interest  as,  apart  from 
some  boulders  of  kenyte  reported  on  Cape  Roberts  by  Edgeworth  David  and  Priest¬ 
ley  on  the  Shackleton  Expedition,  no  volcanic  rocks,  erratic  or  in  situ,  are  known 
in  the  Granite  Harbour  district. 

One  of  the  specimens  (B.M.  1953,  89(65)  )  is  very  fine-grained,  iron-grey  in 
colour,  and  riddled  with  small,  glass-lined  vesicles  0-5  to  1  mm.  in  diameter. 
Very  small  insets  can  be  seen  with  a  hand-lens.  These  prove  to  be  olivine,  colour¬ 
less  in  thin  section,  idiomorphic,  and  up  to  0-75  mm.  in  length.  They  are  frequent 
but  not  abundant.  The  groundmass  consists  of  abundant,  small  prisms  of  pale 
buff  augite  and  cubic  crystals  of  magnetite  in  a  turbid,  dusky  drab  glass.  The 
pyroxene  prisms  average  about  0-05  mm.  in  thickness.  The  only  feldspar  is 
very  rare  and  is  seen  only  as  elongated  plates  of  plagioclase  of  later  crystallization 
than  the  pyroxene  and  magnetite. 

This  rock  is  a  limburgite. 

No  similar  rock  lias  been  described  from  Ross  Island  or  elsewhere  in  South 
Victoria  Land  but  a  limburgite  from  Franklin  Island  described  by  Prior  is  a  good 
match.  The  Franklin  Island  specimens  collected  by  both  the  Southern  Cross 
and  the  Discovery  expeditions  are,  however,  not  vesicular  and  they  seem  to 
contain  rather  less  magnetite  and  the  glass  of  the  groundmass  is  lighter  coloured. 
These  are  trivial  distinctions  but  of  com’se  similar  limburgite  may  easily  occur 
in  Victoria  Land  itself. 

The  rocks  described  by  Jensen  as  limburgites  are  not  well  named  and  the 
lava  from  Fortress  Rocks  on  Hut  Point  Peninsula  described  in  this  volume  (p.  78) 
contains  a  few  thin  laths  of  labradorite  so  feldspar  is  more  in  evidence  than  in 
the  limburgite  now  described. 

A  second  specimen  [B.M.  1953,  89(64)]  is  a  porphyritic  olivhie-basalt.  It  is 
dark  olive-grey  in  colour,  with  many  near-spherical  vesicles  up  to  5  mm.  across. 
Under  the  microscope  it  is  seen  to  consist  of  colourless  insets  of  olivine  up  to 
3  mm.  in  length,  al)undant  in  a  medium-grained  groundmass  of  plagioclase  laths 
and  allotriom Orphic  augite  with  frequent  small  magnetites.  The  plagioclase 
laths  average  about  0-03  mm.  in  thickness.  There  is  only  a  small  proportion  of 
interstitial  material.  Some  of  this  contains  rods  and  skeletal  growths  of  ilmenite 
or  magnetite  and  may  be  glass,  but  other  ])arts  seem  to  be  Ijirefringent. 
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The  two  other  specimens  (1953,  86  (63,  66)  )  are  both  of  the  same  kind  of 
rock.  They  are  vesicular,  dark  olive-grey  rocks  crowded  with  insets  and  groups 
of  insets  of  black  augite  and  slightly  smaller  olive-yellow  or  browner  stained 
olivmes.  White  specks  in  the  medium -grained  groundmass  are  due  to  small 
feldspars.  In  thin  section  the  olivines  are  colourless  and  up  to  1  mm.  in  length, 
the  augites  ])ale  greyish  vinaceous  in  colour  range  up  to  5  mm.  across.  Both 
are  idiomorphic.  The  augite  often  occurs  in  groups  of  several  crystals.  The 
groundmass  is  medium -grained  and  coarser  grained  than  for  most  basalts.  It 
consists  of  laths  of  ])lagioclase  with  granular  augite  and  frecpient  small  magnetites. 
This  augite  is  unusual  for  its  deep  colour,  near  vinaceous  purple.  Interstitial 
material  is  very  small  in  amount  and  consists  of  still  finer-grained  feldspar,  augite 
and  dusty  opaque  magnetite  or  ilmenite.  In  some  parts  of  this  interstitial  material 
the  little  pyroxenes  occur  as  closely  packed  prisms  in  parallel  position  in  the 
birefringent  base.  The  augites  and  the  feldspars  of  the  groundmass  average 
0-06  mm.  in  thickness,  but  there  are  many  feldspars,  perhaps  to  be  described 
as  micro-insets,  that  are  up  to  0-15  mm.  across. 

These  two  erratics  must  be  very  near  in  mineral  composition  to  the  rocks 
described  by  A.  Lacroix  from  Madagascar  as  ankaramite  but  the  groundmass 
of  the  erratics  is  coarser  in  grain-size.  The  rock  described  by  C.  Gagel  from 
Madeira  as  madeirite  is  also  similar  but  it  also  has  the  finer-grained  groundmass. 
With  this  proviso  on  the  grain-size  of  groundmass  the  two  erratics  may  be  described 
provisionally  as  ankaramite.* 

Nothing  like  these  rocks  has  been  described  from  Ross  Island  or  elsewhere 
in  South  Victoria  Land.  That  is,  of  course,  not  to  say  that  such  rocks  do  not 
occur  but  in  view  of  the  records  of  kenyte  erratics  that  indicate  possible  centres 
of  vulcanicity  on  the  mainland  (p.  196)  one  must  regard  a  mainland  source  as 
also  possible  for  the  erratics  at  Granite  Harbour. 


A  rather  similar  rock  from  S.  Vicente,  Cape  Verde  Islands  has  been  described  and  figured 
by  G.  M.  Part. 

Part  (G.  M.).  Volcanic  rocks  from  the  Cape  Verde  Islands.  Bull.  Brit.  3Ius.  (Nat.  Hist.) 
Min.,  19.50,  vol.  1,  no.  2,  p.  60. 
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V.  PEBBLES  DREDGED  FROM  THE  SEA-FLOOR  IN  THE 

BAY  OF  WHALES 

The  Bay  of  Whales,  as  it  was  then  called,  was  visited  by  the  Terra  Nova 
in  February,  1911.  The  intention  was  to  land  a  party  under  Commander  V.  L.  A. 
Campbell  with  the  object  of  exploring  King  Edward  Land.  When  the  ship 
arrived  they  found  anchored  in  the  ‘bay’  Roald  Amundsen’s  ship,  the  Fram,  and 
Amundsen  preparing  to  race  Scott  to  the  Pole.  The  plan  to  make  a  base  near 
the  Bay  of  Whales  had  to  be  abandoned.  Sir  Raymond  Priestley  has  given  an 
account  of  this  historic  meeting  and  records  that  after  an  exchange  of  visits  be¬ 
tween  the  Norwegian  and  British  parties,  to  quote:  “The  Terra  Nova,  loosed  her 
anchor  and  we  steamed  slowly  out  the  bay  trawling  as  we  went”.* *'* 

The  dredge  brought  up  a  surj)rising  cpiantity  of  stones  along  with  mud  and 
bottom  fauna,  and  indeed  supplied  samples  of  the  rocks  of  the  mainland  far  ex¬ 
ceeding  in  bulk  and  in  variety  the  rocks  collected  by  Amundsen’s  party  on  their 
journeys  on  land. 

The  position  of  the  Bay  of  Whales  is  approximately  78°  S.,  166°  W.,  about 
140  miles  from  Cape  Colbeck.  In  the  list  of  collecting  stations  it  is  No.  191  and 
the  depth  is  given  as  194-250  fathoms  (355-457  m.)  and  the  date,  February  4, 

1911. 

Priestley  examined  the  pebbles  on  board  and  records  in  his  diary,  February 
5,  1911:  “I  have  20  or  30  pounds  of  varied  rock  material  through  this  haul  and  it 
alone  was  well  worth  the  trouble  and  the  wasted  steam”.  After  the  expedition 
returned  he  made  thin  sections  of  many  of  the  pebbles  and  re-examined  them. 
He  regards  the  material  as  moraine,  glacier  borne  from  King  Edward  Land,  and 
perhaps  from  a  not  very  distant  source. 

A  few  more  specimens  have  now  been  sliced  and  altogether  some  forty  thin 
sections  have  been  examined  out  of  a  total  of  about  three  hundred  pebbles.  These 
range  in  size  from  cjuite  small  stones  up  to  small  cobbles.  The  heaviest  weighs 
530  grams  and  measures  10x8x4  cm.  However,  there  are  only  four  approaching 
these  dimensions  and  the  average  volume  is  probably  4-5  cm^. 

Detailed  descriptions  of  the  sectioned  specimens  have  been  written  and  these 
will  be  filed  for  future  reference.  The  following  report  gives  a  brief  account  of 


Priestley  (R.  E.).  Antarctic  Adventure.  Scott’s  Northern  Party.  1914,  p.  40. 

*2)  Manner  (S.  F.)  and  Lillie  (D.  G.).  List  of  collecting  stations.  Brit.  Ant.  (“Terra  Nova”) 
Exp.,  1910.  Natural  History  Reports.  Zoology,  1914,  vol.  2,  p.  7. 
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the  kinds  of  rock  represented  with  fuller  descriptions  of  a  few  of  the  more  mteresting 
ones. 

Various  collections  of  rocks  outcropping  above  the  ice  ui  iNIarie  Bjnd  Land 
have  now  been  made  by  parties  operating  during  Admiral  Band’s  Expeditions 
and  later  under  the  U.S.A.  Antarctic  I.G.Y.  Project,  1957-1959. 

One  account  of  the  petrography  of  these  rocks  has  alread}^  appeared^ and 
others  are  expected  in  the  near  future.  The  rock  exposures  so  far  described  are 
all  at  great  distances  from  the  Bay  of  Whales.  The  nearest  outcrops  of  which 
the  rocks  have  been  described  are  Scott’s  Nunataks  (77°  13'  S.,  153°  20'  W.) 
where  specimens  of  granites,  granite-pegmatite,  amphibolites  and  fine-grained 
gneisses  were  collected  by  Amundsen’s  party,  and  described  by  J.  Schetelig  in 
1915.(2) 

The  most  prevalent  kmds  of  rock  among  the  pebbles  are  fine-gramed  quartzites 
and  quartz -schists  with  muscovite  developed  in  the  matrix  between  the  grains. 
Many  of  these  are  greenish-grey,  deep  olive-grey  to  storm  grey,  m 
colour  and  show  some  slight  degree  of  foliation.  This  sometimes  results  in  a 
lenticular  disposition  of  fine-grained  material  around  the  larger  (0*3  mm.)  grams 
of  cjuartz.  Great  quantities  of  smaller  quartz  grams,  with  feldspar  among  them, 
and  abundant  small  but  definite  muscovite  fiakes  make  up  the  matrix  (102). 
Others  of  these  greenish-grey  cjuartzites  contain  a  little  biotite  in  addition  to 
muscovite.  Occasionally  quartz  grains  are  over  1  mm.  in  diameter,  but  the  average 
m  different  specimens  ranges  from  0-15-0 -5  mm. 

A  few  pebbles  of  a  cream-coloured,  fine-grained  quartz-schist  with  small 
fiakes  of  muscovite  have  patches  of  calcite  developed  intermittently  along  parallel 
planes  (1983). 

Rocks  of  a  somewhat  lower  grade  of  metamorphism  are  represented  by 
greenish-grey  pebbles  showing  varying  degrees  of  fissility.  One  of  these  (122) 
consists  of  very  fine-grained  quartz  with  an  abundant  development  of  small 
fiakes  of  green  chlorite  and  perhaps  also  muscovite.  The  grain-size  of  the  quartz 
averages  about  0-02  mm.  This  ap])ears  to  be  a  metamorphosed  siltstone.  The 
more  fissile  of  this  group  can  be  classified  as  phyllites. 

Almost  as  frequent  as  the  greenish-grey  quartzite  and  quartz-schists  are 
very  fine-grained  olive-grey  to  brownish-drab  quartzose  rocks.  Some  of  these 
may  be  quartzites  but  those  examined  m  thin  sections  appear  to  be  metamorphosed 
impure  sandstones  or  siltstones.  They  are  foliated  and  both  biotite  and  muscovite 


Anderson  (V.  H.).  The  petrography  of  some  rocks  from  Marie  Bwd  Land,  Antarctica. 
Oliio  State  University  Research  Foundation  Report.  825-2-Part  8,  I960. 

Schetelig  (J.).  Report  on  rock-specimens  collected  on  Roald  Amundsen’s  South  Pole 
Expedition.  Videnskaps.  Skriftcr,  Christiania,  I.Mat.  naturv.  Kl.,  1915,  No.  4. 
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are  developed  between  the  quartz-grains,  biotite  often  being  dominant.  Quartz- 
grains  are  of  all  sizes  up  to  1  mm.  across  though  few  attain  this  size  (164). 

A  rock  of  this  kind,  deep  slaty  brown  in  colour  is  a  “spotted  schist” 
in  a  fairly  high  grade  of  metamorphism  (1984).  This  consists  of  a  very  fine¬ 
grained  aggregate  of  biotite  with  muscovite  (?)  and  some  quartz,  and  occasional 
grains  of  sphene  and  magnetite.  In  this  matrix  are  many  oval  patches  consisting 
of  a  fiakey  mineral  with  low  birefringence,  negative  elongation,  and  straight 
extinction:  perhaps  an  optically  positive  chlorite.  These  are  probably  pseudo- 
morphs  and  they  resemble  in  shape  the  oval  patches  in  a  schist  (D2K)  from  the 
moraines  of  the  Koettlitz  Glacier  (vol.  1,  p.  140).  These  are  thought  to  be  pseudo- 
morphs  after  andalusite  but  they  consist  mainly  of  muscovite,  not  chlorite. 

There  are  a  few  pebbles  of  fissile  biotite-quartz-schists,  dark  brownish  drab 
in  colour;  also  a  few  of  well  foliated  biotite-gneiss,  one  with  small  garnets  in  some 
biotite-rich  bands  (177).  There  is  also  one  pebble  of  a  pink  hornblendic  granite- 
gneiss  with  coral-pink  feldspars,  and  with  mylonite  veins  between  the  quartz 
and  feldspar  fragments  (142). 

Two  or  three  pebbles  are  quartz-syenites  in  composition.  One  of  these  has 
very  much  the  appearance  and  texture  of  a  charnockite.  A  mineral  in  this  pebble 
appears  to  be  allotriomorphic  corundum.  It  is  colourless  in  thin  section,  uniaxial 
negative,  and  has  rather  high  birefringence  (131). 

Remarkably  frequent  among  the  pebbles  are  quartz-feldspar-porphyries  with 
abundant  black  quartz  insets,  with  smaller  insets  of  white  or  cream-coloured 
feldspar  (orthoclase?),  in  an  olive-buff  to  light  greyish-olive  groundmass.  The 
quartz  insets  are  occasionally  as  much  as  4  mm.  across  but  they  average  something 
less  than  half  this.  These  porphyry  pebbles  are  almost  as  abundant  as  the  greenish - 
grey  quartzites  and  quartz-schists:  20  as  compared  with  25  per  cent  as  estimated 
on  a  count  of  over  300  pebbles.*’*  A  thin  section  (167)  shows,  in  addition  to  the 
quartz  and  feldspar  insets,  small  clots  of  deep  greyish-olive  biotite  in  a  fine-grained 
groundmass  consisting  of  rounded  crystals  of  clear  quartz  in  a  base  of  feldspar 
of  low  refractive  index  (orthoclase?). 

There  are  a  few  pebbles  of  biotite-feldspar-porphyry  with  a  cryptocrystalline 
groundmass  (175)  cream  to  buff-brown  in  colour  in  the  hand-specimen. 

Related  to  these  quartz -porphyries  are  several  pebbles  with  an  aphanitic 
groundmass,  olivaceous  black  streaked  with  iron-grey,  and  shown  on  examination 
of  thin  sections  to  be  partly  glassy  and  partly  devitrified  glass  (184).  The  glass 
is  near  light  brownish-drab  in  colour,  and  shows  well-marked  flow  structure. 
This  rock  may  be  described  as  a  porphyritic  rhyolite,  or  perhaps  as  a  rhyolitic - 
tuff,  as  much  of  the  quartz  and  some  of  the  feldspar  occurs  as  broken  crystals. 


It  was  the  constant  recurrence  of  this  quartz- feldspar-porphyry  in  the  samples  that  led 
Priestley  to  the  conclusion  that  the  source  of  this  rock  was  not  far  distant. 
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Another  pebble  which  contains  fragments  of  glass  with  flow  structure  like 
that  just  described  contains  also  abundant  “lapilli”  of  an  opaque  vesicular  “glass”, 
with  angular  fragments  of  quartz,  some  feldspar  and  an  occasional  p\Toxene. 
The  hand-specimen,  huffy-brown  in  colour,  has  the  appearance  of  a  detrital  rock 
hut  the  abundance  of  glassy  material  seems  to  indicate  that  it  is  probably  a  tuff. 
A  remarkably  constituent,  however,  is  glauconite.  This  is  present  only  as  a  few 
rounded  grains.  Hitherto  it  has  been  recorded  in  South  Victoria  Land  only 
from  the  Beacon  Sandstone. This  pebble  (1982)  was  the  second  largest  pebble 
in  the  dredge.  It  measures  7x5x4  cm.  and  weighs  387  gms. 

There  is  evidence  in  some  of  the  pebbles  that  the  quartz-porphyries  just 
described  have,  in  places,  been  involved  in  metamorphism  of  rather  low  grade. 
There  are  two  pebbles  which  seem  to  indicate  this.  One  of  them  (179),  shows 
in  thin  section  idiomorphic  and  hypidiomorphic  quartz  and  plagioclase,  altered 
orthoclase,  and  frequent  flakes  of  tawny-olive  biotite  in  a  groundmass  resembling 
that  of  the  quartz -porphyries,  Init  with  ragged  flakes  of  ‘new’  biotite  enclosing 
the  rounded  quartz -grains  of  the  groundmass  and  there  developing  sieve  structure. 
The  other  (141),  perhaps  in  a  further  stage  of  metamorphism,  shows  turbid  feld¬ 
spars  with  sieve  structure  and  some  altered  insets  of  biotite  occasionally  enclosing 
epidote  while  the  groundmass  though  still  showing  the  same  fabric  as  the  quartz- 
porphyries  has  its  feldspar  now  represented  by  Hakes  of  muscovite. 

This  evidence  indicates  that  the  quartz-feldspar-porphyries  belong  to  an 
early  period  in  the  history  of  this  part  of  Antarctica  probably  earlier  than  the 
Beacon  Sandstone  and  perhaps  as  old  as  the  more  recent  members  of  the  Ross 
System  in  South  Victoria  Land  (i.e.  Lower  Palaeozoic). 

Volcanic  rocks  such  as  might  be  similar  in  age  to  the  volcanic  rocks  of  Ross 
Island  and  Cape  Adare  are  very  scarce  in  the  dredged  specimens:  only  seven 
pebbles  were  found  among  over  three  hundred  examined.  One  of  these  is  an 
olivine-free  andesine-basalt  (100);  one  may  lie  mugearite  (140);  and  a  third  (133) 
is  a  hornblendic  ‘trachyte’  with  insets  of  sanidine  and  plagioclase,  and  occasional 
dark  brown  hornblendes.  It  somewhat  resembles  some  of  trachytoid  phonolites 
of  Inaccessible  Island  or  of  Great  Razorback  but  contains  less  of  the  dark  minerals 
and  none  of  the  j)yroxene  insets  that  occur  in  these  rocks  (this  volume,  pp.  28  and 
29). 

The  rock  (100)  ])rovisionally  named  andesine-basalt  has  micro-insets  of 
augite  and  andesine  in  a  turbid,  brownish-black  glassy  groundmass  crowded  with 
laths  of  plagioclase  with  low  extinction  angles  indicating  oligoclase-andesine. 


(')  Stewart  (D.).  The  petrooraphy  of  the  Beacon  vSandstone  of  South  Victoria  Land.  Amer. 
Min.  19.34.  Vol.  19,  p.  353. 
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Peb})les  of  sedimentary  rocks  are  almost  as  scarce  in  the  dredge  as  the  vol¬ 
canic  rocks.  They  are  fine-grained  compact  sandstones.  A  few  are  buff  coloured 
on  broken  surfaces  but  the  majority  are  white  and  contain  occasional  pebbles 
of  white  vein-quartz  (178).  These  resemble  the  Beacon  Sandstone. 

One  pebble  of  sandstone  with  a  dark  purple-drab  sandy  matrix  contains 
abundant  angular  fragments  of  a  greenish-grey  quartzite  (?).  Only  one  pebble 
of  this  kind  was  seen  (197). 

The  only  other  sedimentary  ‘rocks’  represented  appear  to  be  of  relatively 
recent  formation.  These  are  pebbles  of  consolidated  calcareous  mud  often  con¬ 
taining  aggregates  of  small,  highly  polished  pebbles  in  a  crystalline  calcite  cement. 
Many  of  the  pebbles  are  similar  to  some  of  the  slightly  metamorphosed  dark, 
fine-grained,  quartzose  rocks  so  frequent  among  the  pebbles  of  the  dredge.  Dr. 
J.  D.  H.  Wiseman,  who  kindly  examined  the  calcareous  mud,  found  no  benthonic 
or  planktonic  organisms  present  apart  from  rare  minute  sponge-spicules.  The 
carbonate  material  in  the  mud  is  extremely  fine-grained.  In  these  respects  it 
resembles  the  “clay”  mentioned  by  Debenham  as  having  been  obtained  in  one 
haul  off  the  edge  of  the  Barrier  and  described  as  pieces  of  hard  clay  interspersed 
with  grit  and  small  pebbles.  (Vol.  1,  no.  3,  p.  99).  Indeed  Debenham  may  be 
here  describing  the  actual  specimens  from  the  Bay  of  Whales.  He  regards  it 
as  ‘Boulder  Clay’  formed  from  the  fine-grained  material  carried  in  the  base  of 
the  glaciers. 
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VI.  SUMMARY  OF  THE  REPORTS  ON  THE  GEOLOGY  OF 

SOUTH  VICTORIA  LAND 

So  many  years  have  elapsed  since  the  first  reports  on  the  geological  results 
of  the  Terra  Nova  Expedition  were  published  that  it  seems  worth  while,  in  this 
concluding  report,  to  present  a  summary  of  the  whole  series. 

When  the  Terra  Nova  Expedition  sailed  in  1910  the  main  geological  forma¬ 
tions,  their  apparent  succession,  and  some  idea  of  the  structure  of  South  Victoria 
Land  had  been  estalilished  as  a  result  mainly  of  the  two  earlier  expeditions  of 
Scott  in  the  Discovery,  1901-4,  and  of  Shackleton  in  the  Nimrod,  1907-9. 

The  story  of  the  geological  exploration  of  South  Victoria  Land  actually 
begins  with  the  voyages  of  vSir  James  Clark  Ross,  who  sighted  the  mainland  of 
South  Victoria  Land  in  1841  and  observed  the  two  volcanic  peaks  on  Ross  Island 
and  named  them,  after  his  two  ships.  Mounts  Erebus  and  Terror.  Mt.  Erebus 
was  active  at  the  time  of  this  discovery- 

The  surgeon  in  Erebus,  [Sir]  Robert  McCormick  was  also  one  of  the  two 
naturalists  on  Ross’s  expedition,  and  he  recorded  the  rock-specimens  collected 
from  the  islands  on  which  landings  were  made,  from  dredges,  and,  more  unusual, 
from  the  stomachs  of  seals  and  penguins  which  he  dissected. 

McCormick  noted  that  many  of  these  pebbles  were  of  ‘granite’,  and  a  block 
of  grey  granite  w'as  dredged  up  in  over  270  fathoms  in  lat.  72°  31'  S.,  long.  173° 
39'  E.,  on  19th  January,  1841.  This,  as  Ross  realized,  had  probably  been  carried 
by  an  iceberg  and  indicated  the  proximity  of  a  continental  land-mass. 

The  collection  of  pebbles  from  the  penguins’  and  seals’  stomachs  were  not 
further  examined  by  any  geologist  until  G.  T.  Prior  described  them  in  1898, 
listing  them  as:  granite,  epidiorite,  basalt,  rhyolite  and  rhyolite-breccia,  and  a 
micaceous  quartz-grit.  This  additional  information  was,  of  course,  of  interest 
but  by  1898  the  first  man  had  landed  on  the  Antarctic  Continent  and  sampled 
the  rocks  for  himself. 

The  Norwegian  whaler  Antarctic,  Captain  Lars  Kristensen,  had  reached  Cape 
Adare  in  1894.  Carstens  Borchgrevink,  one  of  the  crew,  had  landed  with  others 
and  collected  a  few  fragments  of  rocks  and  pebbles.  These  were  described  by 
T.  W.  Edgeworth  David,  W.  F.  Smeeth  and  J.  A.  Schofield  in  1896.  Borch¬ 
grevink  returned  to  Cape  Adare  in  the  Southern  Cross  and  wintered  there,  1898-9, 
and  the  rocks  collected  on  this  expedition  were  described  by  G.  T.  Prior  who 
recorded  volcanic  rocks,  mostly  basalts,  and  also  pale  green  slates  and  quartz- 
grits. 
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Twentieth  century  exploration  of  South  Victoria  Land  opened  with  the 
Discovery  Expedition  of  1901-4,  led  by  Captain  Robert  Falcon  Scott,  accom¬ 
panied  by  [Sir]  Ernest  Shackleton,  with  Dr.  E.  A.  Wilson  as  doctor  and  naturalist 
and  H.  T.  Eerrar  as  geologist.  This  expedition  and  the  two  that  followed  it  were 
based  on  Ross  Island  in  McMurdo  Sound.  Eerrar  collected  volcanic  rocks  from 
Mount  Erebus  and  other  parts  of  Ross  Island,  and  on  the  mainland  he  established 
the  existence  of  metamorphic  rocks  including  crystalline  limestones,  of  two  distinct 
granites,  and  of  a  very  extensive  sandstone  formation  named  from  Beacon  Heights 
in  the  Eerrar  Glacier  region,  the  Beacon  Sandstone.  He  described  great  sills  of 
cpiartz-dolerites,  the  Eerrar  Dolerites  as  they  are  now  called,  penetrating  the 
sandstone,  and  he  also  discovered  in  the  sandstone  thin  carbonaceous  bands  in 
which  he  sought  without  success  to  find  recognizable  plant  remains. 

The  report  on  Ferrar’s  collection  of  rocks  was  written  by  G.  T.  Prior.  He 
gave  a  description  of  the  quartz -dolerites,  of  the  Beacon  Sandstone  and  of  the 
plutonic  and  volcanic  rocks.  Prior  showed  that  the  remarkable  lavas  of  Mount 
Erebus  with  large  crystals  of  feldspar  were  similar  to  rocks  from  Kilimanjaro, 
named  ‘Rhombenporphyr’  by  Finckh,  and  to  the  lavas  from  Mt.  Kenya  to  which 
W.  Gregory  had  given  the  name  ‘Kenyte’. 

In  reporting  on  the  volcanic  rocks  of  Cape  Adare  in  1902  Prior  had  pointed 
out  their  general  resemblance  to  the  East  African  volcanics  which  by  that  date 
had  become  known  from  collections  made  by  J.  W.  Gregory  and  Sir  Harry  -lohn- 
ston  in  British  East  Africa  and  by  the  German  explorers.  His  examination  of 
the  volcanic  rocks  of  Ross  Island  added  further  evidence  to  support  this  com¬ 
parison. 

The  Discovery  Expedition  was  followed  by  Shackleton’s  British  Antarctic 
Expedition  in  1907-9  in  the  Nimrod.  He  took  with  him  as  geologists  [Sir]  T.  W. 
Edgeworth  David,  Professor  of  Geology  in  the  University  of  Sydney,  [Sir]  Douglas 
Mawson,  and  [Sir]  Raymond  Priestley,  then  an  undergraduate  of  Bristol.  They 
extended  Ferrar’s  observations,  made  a  successful  ascent  of  Mount  Erebus,  and 
carried  their  exploration  along  the  coast  and  into  the  Granite  Harbour  region 
north  of  Ross  Island.  In  their  reports  published  in  1914  they  drew  the  main 
lines  of  the  structural  geology  and  they  showed  how  the  volcanic  centres  are 
related  to  a  main  north  and  south  fault  from  Ross  Island  to  Cape  Adare.  This 
added  still  further  to  the  interest  of  Priors’  comparison  of  the  volcanic  rocks  of 
South  Victoria  Land  with  those  of  the  African  Rift  Valley.  Shackleton’s  Polar 
Party  on  the  ascent  of  the  Beardmore  Glacier  made  two  discoveries  of  fossils  of 
very  great  interest.  Near  the  entrance  of  the  glacier  they  found  among  moraine 
material  a  dolomitized  limestone-breccia  containing  remains  of  Archaeocyathus, 
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definitely  referred  to  Cambrian  in  age'^C  and  at  Buckley  Island  they  found  coal 
seams  and  fossil  wood.  This  was  identified  by  Professor  Goddard  as  possibly  a 
gymnospermous  plant  indicating  perhaps  Lower  Carboniferous  or  Gpper  Devonian 
age.  This  established  for  the  first  time  the  existence  of  an  arborescent  plant  on 
the  Antarctic  Continent. 

The  above  is  a  brief  account  of  the  extent  to  which  the  geology  of  South 
Victoria  Land  was  known  when  Captain  Scott’s  Expedition  in  the  Terra  Xova 
set  sail  in  1910.  Scott  had  a  strong  scientific  staff’ with  Dr.  E.  A.  Wilson  as  scien¬ 
tific  director,  S.  C.  Wright  as  physicist,  and  three  geologists,  Raymond  Priestley 
who  had  already  served  with  Shackleton’s  expedition,  Griffith  Taylor,  and  Frank 
Debenham.  The  results  of  their  work,  apart  from  important  memoirs  on  Glacio¬ 
logy  and  on  the  Physiography  of  the  region,  are  described  in  these  reports  on  the 
Geology.  It  was  originally  planned  that  both  Priestley  and  Debenham  would 
have  time  and  opportunity  to  work  out  the  results  and  to  report  on  their  collec¬ 
tions  and  with  that  end  in  view  on  the  return  of  the  Expedition  both  went  as 
post-graduate  students  to  Cambridge,  working  in  the  Department  of  Geology 
there.  This  excellent  arrangement  was  soon  to  be  upset  for  within  a  few  months 
the  first  World  War  had  broken  out  and  both  Priestley  and  Debenham  were  m 
the  Army  almost  at  once.  However  arrangements  had  been  made  for  speeialists 
to  undertake  the  description  of  some  parts  of  the  collections.  vSir  Arthur  Smith- 
Woodward,  Keeper  of  Geology  in  the  British  Museum  (Natural  History),  had 
agreed  to  describe  the  fish  scales  and  plates  discovered  by  Debenham,  and  Professor 
A.  C.  Seward  the  fossil  plants.  Both  were  acknowledged  authorities  on  their 
subjects.  Professor  Seward’s  report  on  ‘Antarctic  Fossil  Plants’  was  the  first 
to  be  completed  and  was  issued  on  24th  October,  1914.  No  further  reports  on 
geology  were  published  until  after  the  War,  in  1921. 

Seward  had  available  Priestley’s  specimens  of  fossil  wood  from  the  Beacon 
Sandstone  and  Wilson’s  specimens  from  Buckley  Island  collected  with  great 
patience  and  endurance  on  the  way  back  from  the  Pole.  The  fossil  trees  from 
the  Priestley  Glacier  were  described  and  named  Antarcticoxylon  Priestleyi,^^''  and 


Limestones  containing  fossils  belonging  to  several  genera  of  Archaeocyathus  have  now 
been  found  in  situ  near  the  Nimrod  Glacier  in  the  Holyoake  Range  (approx.  82*^  S.,  160°  E.).  The 
rocks  are  believed  to  form  part  of  the  Ross  System .  A  distant  view  of  IMount  Hunt  showed  almost 
vertical  limestone  overlain  by  horizontal  Beacon  Sandstone. 

Laird  (M.)  and  Waterhouse  (J.  B.).  Archaeocyathine  Limestones  of  Antarctica.  Nature, 
1962,  Vol.  194,  pp.  860-1 

‘2)  J.  Walton  re-examined  the  fossils  and  showed  that  the  Antarcticoxylon  can  be  referred  to 
the  genus  Rhexoxylon,  Bancroft,  species  of  which  were  discovered  in  South  Africa  from  beds  of  the 
Stormberg  Series  corresponding  in  age  to  the  Trias  in  Europe. 

Walton  (J.).  On  Rhexoxylon,  Bancroft  —  ...  Phil.  Trans.  Roy.  Soc.  London,  1923,  ser.  B., 
Vol.  212,  pp.  79-109. 
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Seward  also  discovered  in  the  specimens  a  winged  spore  which  he  named  Pityospo- 
vites  antarcticus.  Antarcticoxylon  he  regarded  as  a  distinct  type  of  Gymnosper- 
mous  plant  not  affording  any  very  satisfactory  evidence  of  geological  horizon. 
The  spore  he  considered  afforded  some  evidence  of  the  existence  in  Antarctica 
of  an  Abietineous  conifer,  possibly  in  lower  Mesozoic,  e.g.  Rhaetic  times.  He 
added,  however:  ‘on  geographical  grounds  it  would  seem  more  probable  that  the 
spores  belonged  to  some  plant  allied  to  Podocarpus,  Dacrydium,  or  Microcachrys, 
genera  [Coniferal]  possessing  winged  pollen  and  at  the  present  day  characteristic 
of  the  southern  hemisphere’  (Vol.  1,  p.  24).'** 

Seward’s  conclusion  as  to  the  age  of  the  part  of  the  Beacon  Sandstone  in 
which  the  fossil  stems  and  the  spore  were  found  is  as  follows:  “So  far  as  Pityo- 
sporites  is  concerned  there  is  obviously  no  reason  why  the  rock  should  not  be  of 
any  age,  from,  say  the  latter  part  of  the  Trias  upwards.  There  is,  moreover, 
not  sufficient  reason  for  asserting  that  Antarcticoxylon  could  not  have  come  from 
beds  higher  than  the  Jurassic”  (p.  24).  These  discoveries  were  interesting  enough 
in  themselves  but  still  greater  interest  attaches  to  Seward’s  studies  of  the  plant 
remains  collected  from  the  moraines  between  Mount  Darwin  and  Buckley  Island 
on  the  Beardmore  Glacier.  Seward  identified  and  described  Glossopteris  indica, 
a  variety  of  this,  var.  Wilsoni,  and  other  fragments  of  Glossopteris  flora.  This 
was  the  first  indication  of  the  existence  of  Glossopteris  in  Antarctica  and  it  opened 
up  problems  of  distribution  and  of  climate  of  very  great  geological  interest.  As 
regards  age  Seward  noted  that 

“  .  .  .  the  genus  ranges  from  the  Upper  Carboniferous  or  Lower  Permian 
rocks  to  the  Rhaetic  period.  It  is,  however,  not  improbable  that  Glossopteris 
appeared  on  the  Antarctic  continent  earlier  than  in  other  parts  of  the  southern 
province  .  .  .  the  probability  is  that  the  beds  are  Permo-Carboniferous  in  age:  .  .  .” 

On  a  moraine  of  the  Mackay  Glacier  off  Granite  Harbour  Debenham  found 
dermal  plates  and  scales  of  fish  “in  pieces  of  shale  and  shaly  sandstone  which 
are  identical  in  outward  appearance  with  the  bands  of  shale  that  are  found  in  the 
lower  layers  of  the  Beacon  Sandstone,  both  in  Granite  Harbour  .  .  .  and  in  the 
Depot  Nunatak  on  the  Ferrar  Glacier”  (p.  110).  They  were  described  and  figured 
by  Smith-Woodward  (vol.  1,  no.  2)  who  named  two  new  species  of  ostracoderm 
from  plates  and  a  ribbed  spine,  and  also  a  new  species  of  Holoptychius  from  several 
somewhat  imperfect  scales.  Although  these  remains  were  so  fragmentary  that 
few  of  them  could  be  definitely  named  he  considered  that  they  were  sufficient  to 
prove  an  Upper  Devonian  age  for  the  shale  fragments  in  which  they  were  found 
(P-  60). 

This  second  suggestion  of  Seward’s  is  the  one  favoured  by  S.  Manum  who  has  recently  re¬ 
examined  the  type  specimen,  re-described  it,  and  given  a  new  definition  of  Pityos-porites. 

Manum  (S.).  On  the  genus  Pityosporites  Seward  1914  with  a  new  description  of  Pityosporites 
antarcticus  Seward.  Nytt.  Magasin  Botanik,  1960,  vol.  8,  pp.  11-L5. 
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The  two  palaeontological  reports  suggested  an  extensive  time-range  for  the 
Beacon  Sandstone  Group,  from  Upper  Devonian  to  Permo-Carboniferous,  possibly 
Rhaetic. 

The  lithology  and  distribution  of  the  Beacon  Sandstone  was  described  by 
Debenham.  He  noted  its  immense  extent  and  great  thickness.  In  the  Terra 
Nova  region  he  noted  the  presence  of  coarse  tuffs  containing  charred  fragments 
of  stems,  and  both  here  and  at  Granite  Harbour  sandstones  with  bituminous 
cement.  Bands  of  coal  were  confirmed  in  the  Granite  Harbour  region,  as  well 
as  at  Buckley  Island  on  the  Beardmore  Glacier,  while  in  the  Granite  Harbour 
district  ripple-marks  and  sun-cracks  gave  evidence  of  ‘a  sandy  waste  with  occa¬ 
sional  pools  of  shallow  water’  (p.  107).  On  the  Beardmore  the  moraine  from 
Mount  Darwin  shows  a  preponderance  of  calcareous  sandstone,  and  at  Buckley 
Island  a  good  proportion  of  the  specimens  collected  by  Wilson,  are  impure  grey 
limestone.  The  limestone-breccia  in  which  the  Arcliaeocyathus  was  found  by 
Shackleton’s  Expedition  in  the  western  moraine  of  the  Beardmore  is  thought  to 
come  ‘from  the  very  base  of  the  sediments  as  seen  in  Mount  Bell’.  This  is  in  line 
with  Edgeworth  David’s  suggestion  that  the  breccia  is  at  the  base  of  the  Beacon 
Sandstone,  the  fragments  being  derived  from  strata  in  another  locality  not  now 
exposed  (p.  118).^^’ 

The  Northern  Party  of  the  Terra  Nova  Expedition  under  Commander  V.  L.  A. 
Campbell  was  the  first  party  to  make  a  thorough  examination  of  the  green  slaty 
rocks  first  discovered  at  Cape  Adare  by  the  Southern  Cross  Expedition  (1898-9). 
Priestley  assisted  by  the  other  members  of  the  party  collected  from  outcrops 
wherever  they  eould  be  reached  along  the  west  coast  of  Robertson  Bay.  The 
rocks  have  been  described  by  R.  H.  Rastall  and  Priestley  (vol.  7,  No.  4b).  The 
Slate- Grey wacke  Formation,  as  it  was  named,  consists  of  green-grey  slates  with 
some  gritty  and  some  small  pebbly  bands.  Interesting  variations  are  described. 
Some  of  the  greywackes  contain  carbonates,  usually  siderite  but  sometimes  cal- 
cite,  and  often  aggregated  into  spots.  Some  of  the  finer  grained  rocks  are  chloritic 
and  rather  calcareous  mudstones.  At  several  localities  pyrite  cubes  are  frequent, 
and  it  was  mainly  specimens  of  this  type  that  were  collected  by  Borchgrevink 
and  Louis  Bernacchi  on  the  Southern  Cross  Expedition.  No  fossils  have  been 
found  in  the  Slate -Grey wacke  Formation  of  Robertson  Bay.  With  regard  to 
their  age  Rastall  wrote:  “The  general  appearance  of  the  rocks  with  their  pre¬ 
vailing  grey  and  green  colours,  suggest  a  considerable  age:  in  fact  they  present 
the  characteristics  usually  associated  with  Palaeozoic  or  Algonkian  sediments. 
Among  British  formations  their  nearest  analogue  is  to  be  found  in  the  Ingletonian 
series,  to  wLich  indeed  they  show  a  strong  resemblance”  (p.  128). 


9)  See  footnote  C)  page  188. 
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The  Metamorphic  Rocks  that  form  the  Basement  of  the  Antarctic  Horst 
are  exposed  at  many  points  in  situ  in  the  Kukri  Hills  and  south  of  New  Harbour 
in  the  McMurdo  Sound  Region,  and  boulders  are  found  on  Ross  Island,  along  the 
coast  in  the  direction  of  Granite  Harbour,  and  many  erratics  of  metamorphic 
rocks  were  found  in  the  moraines  of  glaciers  coming  down  towards  Terra  Nova 
Bay.  They  are  described  in  vol.  1,  No.  5. 

voi-  1,  In  the  McMurdo  Sound  Region  they  comprise  a  considerable  thickness  of 

schists,  with  some  crystalline  limestones.  Probably  associated  with  these  are 
green  para-pyroxene-granulites  that  are  found  only  as  erratics  or  as  inclusions  in 
intrusive  granites.  The  crystalline  schists  include  garnet-sillimanite-gneiss,  cor- 
dierite-bearing  garnet-gneiss,  and  biotite-schist  with  abundant  pseudomorphs 
after  andalusite.  These,  with  the  jiyroxene-granulites  and  limestones,  represent 
highly  metamorphosed  argillaceous,  calcareous  and  dolomitic  sediments  probably 
of  Precambrian  age.  Fairly  closely  associated  with  some  of  these  rocks  is  a 
biotite-hornblende-gneiss  and  some  amphibolites  and  hornblende-schists.  The 
gneiss  may  have  been  intrusive  into  the  crystalline  schists  but  contacts  were  not 
seen. 

Edgeworth  David  and  Priestley  regarded  these  metamorphic  rocks  as  Pre¬ 
cambrian  and  the  report  on  the  Terra  Nova  collections  endorses  this  view.  Atten¬ 
tion  was  drawn  to  very  similar  associations  in  the  Precambrian  of  Burma,  Ceylon, 
Madagascar,  and  East  Africa,  and  in  South  Australia.  Very  close  comparisons 
can  be  made  with  the  Precambrian  rocks  of  the  Hutchison  Series  in  Southern 
Eyre  Peninsula  described  by  C.  E.  Tilley  in  1920  (p.  144). 

No  03  Metamorphic  rocks  were  found  in  situ  at  five  localities  in  the  Terra  Nova 

Bay  region  between  the  Priestley  and  the  Campbell  Glaciers.  These  are  garneti- 
ferous  biotite-gneiss,  a  sillimanite- bearing  muscovite-biotite-schist,  and  several 
pieces  of  a  pyroxene-pegmatite  similar  to  some  ‘intrusions’  in  the  crystalline 
limestones  enclosed  by  grey  granite  in  the  Granite  Harbour  region.  At  one 
place,  Cape  Sastrugi,  the  rocks  were  quartz-schists,  more  or  less  micaceous,  and 
some  of  them  of  more  gneissic  texture.  A  tourmaline -bearing  pegmatite  was 
prominent  at  this  locality.  A  few  miles  to  the  north  of  Cape  Sastrugi  the  rocks 
in  situ  are  fine-grained  well-foliated  gneiss  grading  into  biotite-schist  and  suc¬ 
ceeded  to  the  north  by  a  porphyritic  biotite-orthoclase-gneiss. 

Four  glaciers  were  discovered  coming  down  from  the  mountains  to  the  north 
of  the  ice  sheet  at  Terra  Nova  Bay:  the  Campbell  Glacier  from  the  direction 
of  Mount  Melbourne  with  a  tributary,  the  Boomerang,  coming  in  on  its  western 
side;  and,  further  to  the  west  the  Priestley  Glacier  with  a  tributary,  the  Corner 
Glacier,  joining  it  on  its  eastern  side  (fig.  7,  p.  146). 

The  erratics  collected  from  the  moraines  of  these  glaciers  yielded  a  great 
assortment  of  rocks  among  which  metamorphic  rocks  and  fragments  of  Beacon 


Vol.  1, 
No.  t). 


]!I2  TERRA  XOVA’  EXPEDITIOX 

Sandstone  were  the  most  abundant.  Priestley  collected  770  specimens  (exclusive 
of  the  erratics  of  sedimentary  formations).  The  metamorphic  rocks  among  the 
erratics  are  classified  as  biotite-gneiss,  garnetiferous  biotite-gneisses  with  silli- 
manite  and/or  cordierite,  muscovite-biotite-schists,  again  sillimanite-bearing, 
vai'ious  quartz-granulites  of  sedimentary  origin,  and  numerous  examples  of  the 
]iyroxene-granulites  already  mentioned  from  the  McMurdo  Sound  Region.  Ex- 
ce])t  for  a  chondrodite-limestone,  crystalline  limestones  are  almost  unrepresented 
but  it  will  be  realized  readily  that  granular  rocks  as  friable  as  weathered  crystalline 
limestones  are  hardly  likely  to  survive  as  erratics  under  Antarctic  conditions. 

This  asseml:»lage  is  similar  to  the  metamorphic  rocks  of  the  McMurdo  Sound 
Region,  and  one  can  probably  assume  tentatively  that  they  represent  the  same 
formation,  ljut  there  are  in  addition  erratics  of  fine-grained  graphitic  mica-schists 
believed  to  represent  slates  or  shales  altered  by  thermal  metamorphism.  Some 
contain  ovoid  aggregates  of  biotite,  one  carries  well-developed  chiastolite,  and 
another,  a  “spotted  schist”,  has  spots  consisting  in  part  of  muscovite  probabh’ 
pseudomorphing  andalusite  or  cordierite.  In  one  specimen  pale  yellow  garnets 
have  formed  in  ‘eyes’  of  cpiartz  and  biotite  round  nuclei  of  pyrrhotite.  The 
garnets  are  similar  to  some  described  in  contact  metamorphosed  rocks  from 
Bastogne  in  the  Belgian  Ardennes  (p.  162). 

By  listing  and  tabulating  all  the  specimens  collected  from  these  moraines 
an  attempt  was  made  to  get  some  idea  of  the  regions  occupied  by  the  different 
groups  of  metamorphic  rocks  (]).  163).  What  emerged  was  that  the  biotite- 
gneiss  and  the  garnet  and  cordierite-l)iotite-gneisses  were  well  represented  in  the 
Campbell  and  Boomerang  moraines  and  in  the  moraines  of  the  Corner  Glacier 
but  were  scarce  in  the  western  (or  outer)  moraine  of  the  Priestley.  The  quartz- 
granulites  and  the  few  specimens  of  crystalline  limestones  occurred  in  thn  eastern 
moraine  of  the  Corner  Glacier,  while  the  outer,  western  moraine  of  the  Priestley 
Glacier  contained  few  liiotite-gneisses,  more  quartz-granulites,  all  the  para- 
pyroxene-granulites,  and  all  the  graphitic  mica-schists.  It  was  this  western 
moraine  of  the  Priestley  Glacier  that  yielded  also  abundant  erratics  of  Beacon 
Sandstone,  and  the  specimens  of  fossil  wood. 

The  Plutonic  and  Hypabyssal  rocks  were  described  in  1924.  In  the  region 
extending  from  the  Ferrar  Glacier  and  the  Kukri  Hills  to  Granite  Harbour  two 
distinct  granites  have  been  recognized,  an  older,  grey,  hornblende-free  granodio- 
rite  with  associated  a])litic  dikes,  and  a  younger  ])ink  hornblendic  biotite-granite. 
The  same  two  granites  had  been  recognized  by  Ferrar  and  they  had  been  dis¬ 
tinguished  by  Mawson  on  Shackleton’s  Exjiedition,  as  the  grey  granite  of  IMouiit 
Larsen  type,  and  the  ]iink  granite  of  Cape  Irizar.  IMuch  additional  information 
on  these  granites  was  obtained  by  Debenham  and  recorded  on  his  own  plane- 
table  maps.  It  seems  ])ossible  that  the  grey  granite  (Granite  Harbour  type) 
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may  form  part  of  a  great  intrusive  mass  of  which  the  edge  is  exposed  along  or 
near  the  coast.  Observations  of  the  exposed  upper  surface  at  the  outcrops  in 
the  Ferrar  Glacier  region,  and  perhaps  also  in  Granite  Harbour,  indicate  a  re¬ 
markably  level  surface.  In  the  Ferrar  Glacier  region  the  grey  granite  is  often 
separated  from  the  overlying  Beacon  Sandstone  by  a  quartz -dolerite  sill.  The 
granite  contains  very  numerous  xenoliths  of  gneisses,  pyroxene-granulites  and 
limestones.  These  are  supposed  to  represent  fragments  of  the  foundered  roof  of 
the  granite  intrusion.  At  the  Flatiron  in  Granite  Harbour  Debenham’s  mapping 
showed  a  very  interesting  and  close  relation  between  the  distribution  of  para- 
pyroxene -granulite  xenoliths  and  the  development  of  a  hornblendic  facies  of  the 
granite  with  large  hornblende  insets  and  occasional  growth  of  orbicular  structures 
in  the  granite. 

Marble  Dike  and  Marble  Outcrop  are  large  masses  of  white  crystalline  lime¬ 
stones  enclosed  by  the  grey  granite,  and  interesting  metamorphic  effects  were 
observed  at  contacts  where  these  are  intruded  by  aplite  dikes.  One  result  is 
the  formation  of  veins  containing  large  green  diopside  crystals  with  orthoclase, 
quartz,  and  abundant  sphene.  Rocks  similar  to  these  diopside-orthoclase  rocks 
were  found  by  A.  F.  Zealley  associated  with  masses  of  limestone  in  Donegal, 
and  another  possibly  similar  occurrence  has  been  described  by  A.  Lacroix  from 
St.  Brevin  (Brittany).  At  other  places  acid  dikes  cutting  the  inclusions  of  crys¬ 
talline  limestone  and  pyroxene-granulite  have  produced  a  garnet-actinolite- 
idocrase-calcite  assemblage  with  wollastonite  at  the  actual  junction  (p.  182). 

The  younger  of  the  two  granites  in  the  McMurdo  Sound  Region  is  a  pink 
hornblendic  biotite- granite.  This  is  recorded  from  Granite  Harbour,  Cape  Gregory, 
Cape  Irizar  (described  by  Mawson),  and  from  Prior  Island  (near  the  Davis  Glacier). 

A  similar  granite  occurs  in  the  Kukri  Hills.  Ferrar  believed  it  was  younger 
than  the  dolerite  sills  that  cut  the  Beacon  Sandstone  but  the  geologists  of  Shackle - 
ton’s  expedition  of  1907-9  took  the  opposite  view,  and  Debenham’s  observations 
[and  a  re-examination  of  some  of  the  specimens  on  which  Ferrar’s  opinion  partly 
depended]  confirms  it  is  older  than  the  Quartz-dolerite  (p.  185).  At  a  section 
which  Ferrar  interpreted  as  showing  granite  penetrating  dolerite  Debenham 
found  that  triangular  masses  of  granite  were  hoisted  up  and  enclosed  within  the 
quartz-dolerite  sill  (fig.  5,  p.  184). 

An  interesting  series  of  dikes:  quartz-orthoclase-porphyries,  orthoclase- 
porphyries,  and  lamprophyres  (sometimes  as  composite  dikes)  is  associated  with 
this  younger  granite.  In  the  Terra  Nova  Bay  region  investigated  by  the  Northern 
Party  erratics  from  Evans  Beach  include  various  specimens  comparable  with  the 
grey  biotite-granite  from  Mount  Larsen  and  also  dikes  of  aplite,  pegmatite  and 
the  lamprophyres,  vogesite  and  spessartite.  Two  boulders  of  enstatite-peridotite 
were  the  only  representatives  of  ultra-basic  rocks  collected  on  this  Expedition. 
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Rocks  in  situ  near  Evans  Coves,  in  the  Northern  Foothills,  Vegetation  Island 
and  the  northern  part  of  Inexpressible  Island,  comprise  a  biotite-granite  and  a 
diorite  (Northern  Foothills  type).  The  diorite  is  intricately  penetrated  by 
microgranite  as  well  as  by  aplite  and  pegmatite  veinlets.  These  rocks  were 
described  (in  1924)  on  the  assumption  that  the  diorite  and  the  microgranite  were 
separate  intrusions.  It  was  noted  that  the  diorite  has  features  recalling  those 
of  some  so-called  ‘basic  jiatches’  occurring  in  certain  granites,  such  as  that  of 
Newry,  County  Down.  They  were  also  compared  to  segregations  of  dioritic 
rocks  in  some  granites  of  northern  New  South  Wales  (p.  209).  In  the  light  of 
recent  work  on  similar  assemblages  of  dioritic  and  granitic  rocks  elsewhere, 
such  as  for  instance  that  described  by  A.  K.  Wells  and  S.  W.  Wooldridge  in  1931 
at  Ronez  and  Sorel  Point  in  Jersey,  it  is  probable  that  the  diorites  of  the  Northern 
Foothills  would  re-pay  re-examination. 

Erratics  high  upon  Cajje  Adare  include  rocks  resembling  some  of  those  from 
the  Terra  Nova  Bay  region,  and  others  resembling  some  of  the  granites  and  dike 
rocks  from  Granite  Harbour  (p.  214). 

The  source  of  these  erratics  is  unlikely  to  be  so  far  south  as  Terra  Nova  Bay 
or  Granite  Harbour.  Between  Mount  Melbourne  and  Robertson  Bay  (and  Cape 
Adare)  is  200  miles  of  still  unknown  country  and  it  is  Priestley’s  opinion  that 
somewhere  in  this  area,  possibly  in  the  Admiralty  Range,  e.g.  in  the  region  of 
Mount  Sabine,  are  outcrops  of  granitic  rocks  similar  to  those  we  know  in  Terra 
Nova  Bay,  Granite  Harbour  and  the  Ferrar  Glacier  region. 

There  are  a  few  plutonic  types  among  the  erratics  in  the  Murray  Glacier 
moraines.  These  are  dioritic  rocks  ranging  from  granodiorite  to  olivine-bearing 
types.  Some  of  them  are  similar  to  the  dioritic  rocks  of  Terra  Nova  Bay  but  they 
are  not  identical  (pp.  217-8). 

The  Beardmore  Glacier  yielded  only  fragments  of  granite  in  the  moraine 
near  The  Cloudmaker.  These  may  be  similar  to  the  grey  granite  (Granite  Harbour 
type).  No  outcrop  was  seen  so  it  is  possible  that  the  two  small  fragments  collected 
are  from  a  pebbly  band  in  the  sedimentary  formation  (p.  226). 

The  extensive  sills  intruding  the  Beacon  Sandstone  in  the  IMciMurdo  Sound 
region  found,  first  by  H.  T.  Ferrar,  are  quartz-dolerites.  They  are  now  to  be 
known  as  the  Ferrar  Dolerites.**’  They  have  been  found  by  the  geologists  of 
the  Terra  Nova  Expedition  also  in  the  Granite  Harbour  region,  in  the  western 
moraine  of  the  Priestley  Glacier,  and  on  the  Beardmore  Glacier.  These  rocks 
have  been  described  by  G.  T.  Prior  and  by  W.  N.  Benson  in  the  reports  of  the 
earlier  exj)editions.  Both  authors  have  drawn  attention  to  the  close  similarity 
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between  them  and  widespread  intrusions  of  late  Mesozoic  and  probably  Creta¬ 
ceous  age  in  Natal,  Brazil,  British  Guiana,  and  particularly  in  Tasmania.  The 
resemblance  with  the  Tasmanian  dolerites  is  so  close  that  Benson  suggested  a 
similar,  Cretaceous,  age  for  the  dolerites  of  South  Victoria  Land  (p.  198).  All 
the  specimens  of  quartz -dolerites  collected  by  the  Polar  party  were  carefully 
examined  and  it  was  established  that  nearly  all  of  them  are  typical  of  the  quartz - 
dolerites  of  the  McMurdo  Sound  region.  A  few  of  them  are  exceedingly  fine¬ 
grained  varieties  and  one  shows  small  round  vesicles  filled  with  zeolites  (p.  222). 
Similar  fine-grained  rocks  with  many  large  zeolite-filled  vesicles  were  associated 
with  typical  quartz-dolerites  and  with  Beacon  Sandstone,  in  the  western  moraine 
of  the  Priestley  Glacier.  These  have  been  shown  to  be  tholeiites  (vol.  2,  no.  3, 
p.  172)  and  it  is  possible,  judging  from  their  vesicular  habit,  that  they  are  effusive 
equivalents  of  the  intrusive  quartz-dolerites.  The  only  other  indication  of  vul- 
canicity  associated  with  the  Beacon  Sandstone  formation  in  South  Victoria  Land 
is  the  record  of  ‘dark-brown  grits  with  much  volcanic  debris  as  well  as  the  almost 
universal  fragments  of  stems’  from  morainic  material  in  the  Terra  Nova  Bay 
region  (p.  111). 

Thirty  years  elapsed  between  the  publication  of  the  report  on  the  plutonic 
and  hypabyssal  rocks  and  that  on  the  Volcanic  rocks  of  the  Ross  Archipelago, 
which  are  reported  on  in  No.  1  of  this  volume  (pp.  1-107). 

The  notes  on  the  distribution  of  the  volcanic  rocks  were  compiled  chiefly 
from  “The  Physiography  of  the  Ross  Archipelago”  by  Frank  Debenham  (1923) 
and  from  field- catalogues  and  labels.  A  brief  summary  listing  the  main  groups 
of  the  volcanic  rocks  encountered  concludes  this  introductory  part  of  the  chapter 
and  the  detailed  petrography  and  chemistry  of  each  group  follows  (p.  19). 

At  Mount  Erebus  the  kenytes  are  the  most  recent  lavas;  phonolitic  trachytes 
and  porphyritic  basalts  are  among  the  earlier  ones.  Considerable  interest  attaches  to 
the  ‘anorthoclase’  phenocrysts  of  the  kenytes,  which  are  found  not  only  in  the 
lavas  but  loose  on  the  sides  of  the  crater.  They  were  analysed  by  E.  D.  Mountain 
in  1925,  and  classified  by  him  as  potash-oligoclase. 

At  ‘Mount  Cis’,  a  parasitic  cone  on  Erebus,  there  are  many  inclusions  some 
of  which  are  identifiable  as  having  been  sandstone.  This  fact,  first  recorded  by 
Edgeworth  David  and  Priestley  (1914),  is  evidence  that  the  Beacon  Sandstone, 
faulted  down  to  a  considerable  depth,  lies  beneath  the  volcanic  pile  on  Ross 
Island  (p.  26). 

In  the  chapter  on  the  basalts  four  different  areas  are  treated  separately, 
viz.:  Mount  Erebus  and  the  Dellbridge  Islands  (p.  68):  Hut  Point  Peninsula 
(p.  76);  Cape  Barne  (p.  86);  and  the  Mainland  opposite  Ross  Island.  The  likeli¬ 
hood  of  recent  basalts  being  found  on  the  mainland  was  realized  by  G.  T.  Prior 
as  Ferrar’s  collection  contained  a  specimen  of  basalt  found  on  the  Ferrar  Glacier. 
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The  geologists  of  the  Terra  Nova  Expedition  located  two  distinct  areas  of  small 
scale,  recent  volcanic  activity,  one  in  the  Koettlitz  Glacier  Valley,  and  the  other 
in  the  Taylor  Valley  (p.  18).  At  this  latter  locality  the  basalts  contain  inclusions 
of  Beacon  Sandstone  and  of  quartz-dolerite.  In  composition  these  ‘mainland’ 
basalts  resemble  those  of  Hut  Point  Peninsula,  where  the  basalts  appear  to  be 
the  most  recent  of  the  lavas.  Priestley* *'^  has  drawn  attention  to  the  records  of 
erratics  of  kenytes  lavas  on  the  mainland  in  the  neighbourhood  of  the  Koettlitz 
Glacier  and  in  the  Taylor  Valley,  and,  revising  his  earlier  opinion  in  the  light  of 
additional  evidence,  he  considers  there  is  a  pretty  good  indication  that  separate 
centres  of  eruption,  supplying  kenyte  lavas,  occur  in  the  neighbourhood  of  IMount 
Discovery,  a  9,090  ft.  conical  mountain  between  the  Koettlitz  Glacier  and  Minna 
Bluff.  He  also  considers  that  the  kenyte  erratics  recorded  both  by  himself  and 
Edgeworth  David<^’  and  by  Griffith  Taylor*^*  in  the  Taylor  Valley  may  have 
their  origin  in  the  upper  reaches  of  the  “South-West  Arm”  of  the  Ferrar  Glacier. 

The  volcanic  rocks  from  Cape  Adare  were  collected  by  Priestley  with  the 
Northern  Party  which  landed  there  on  18th  February  1911.  He  collected  rocks 
in  situ  from  the  cliffs,  erratics  from  a  high  plateau  on  the  top  of  the  Cape,  pebbles 
from  the  beach,  and  erratics  from  the  Newnes  and  Murray  Glaciers.  With  the 
exception  of  a  phonolite  and  trachytoid  phonolite  all  the  lavas  are  basalts.  Theii’ 
chemical  composition  is  discussed  in  this,  the  final,  number  (No.  3)  of  these  reports. 
One  of  the  basalts  m  situ  at  Cape  Adare  contains  large  numbers  of  partly  digested 
xenoliths  of  sedimentary  rocks.  It  is  thought  that  these  are  derived  from  the 
slate -grey wacke  formation  which  outcrops  in  Robertson  Bay  (p.  122).  Particular 
interest  attaches  to  a  boulder-bearing  agglomerate  on  the  cliff  face.  Priestley 
found  in  it  erratics  of  green  ‘quartzite’  and  what  appeared  to  be  dolerite  as  well 
as  boulders  of  igneous  rocks.  Some  of  the  latter  prove  to  be  sanidinite,  others 
are  alkali-trachytes  related  to  some  of  the  rocks  found  as  erratics  on  the  plateau 
on  the  top  of  Cape  Adare  (p.  135)  and  as  pebbles  on  Ridley  Beach,  and  well- 
crystallized  socialite -trachytes.  The  matrix  of  the  agglomerate  is  volcanic  tuff. 
The  agglomerate  is  probably  the  product  of  a  volcanic  vent  which  in  some  way 


Priestley  (R.  E.).  Physiography  (Robertson  Bay  and  Terra  Xova  Bay  Regions).  Brit. 
(Terra  Nova)  Ant.  Exp.,  1910-1913.  1923,  p.  55. 

*2)  David  (T.  W.  E.)  and  Priestley  (R.  E.),  Brit.  Ant.  Exp.,  1907-9.  Geology,  vol.  1,  191-1, 

p.  95. 

A  footnote  on  this  page  records  that  “The  Western  Party  of  the  Scott  E.xpedition  1910-13 
have  since  examined  this  district  in  detail,  and  Debenham  found  ken^d:e  and  basalt  in  situ  in  the 
upper  reaches  of  the  glacier”.  The  onlj'^  specimens  in  the  collection  from  this  site  are  basalts;  thej' 
are  described  on  pp.  88-90  of  this  volume.  A  view  of  the  recent  craters  on  the  mainland  in  'Dry 
Valley’  is  shown  in  Debenham’s  report  on  the  recent  and  local  deposits  (Vol.  1,  No.  3,  p.  71). 

Taylor  (Griffith).  The  physiography  of  the  McMurdo  Sound  and  Granite  Harbour  Region. 
Brit.  Ant.  (Terra  Xova)  E.xp.  1910-1913,  1922,  p.  100. 
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has  involved  blocks  of  Cjuartzite  and  dolerite  erratics  brought  within  its  reach 
l)y  very  early  glaciation. 

In  the  report  on  Recent  and  Local  deposits  (Vol.  1,  no.  3,  1921)  Debenham 
in  describing  the  small  craters  on  the  mainland  remarked  that  one  at  least  was 
active  after  the  maximum  extension  of  the  ice  (p.  89)  and  in  the  crater  of  Crater 
Hill  in  the  Hut  Point  Peninsula  he  recorded  small  erratics  of  granites,  granulites, 
porphyries  and  sandstones  but  these  are  all  small  and  have  been  carried  into 
the  Crater  by  wind  not  by  ice  (p.  82). 

From  Cape  Adare  the  Northern  Party  moved  by  ship  to  Evans  Coves  in 
Terra  Nova  Bay.  In  this  region  a  few  erratics  of  volcanic  rocks  were  found  in 
the  moraines  of  the  Boomerang  and  Campbell  Glaciers.  These  are  basalts  and 
alkali -trachytes  allied  to  those  of  Cape  Adare.  It  seems  likely  that  they  come 
from  the  neighbourhood  of  Mount  Melbourne  (p.  174),  of  which  no  authentic 
specimens  had  ever  been  obtained. 

Priestley  (1923,  p.  49)  has  suggested  that  the  main  flow  of  the  Priestley 
Glacier  “is  also  derived  .  .  .  from  some  local  ice-sheet,  banked  up  in  rear  of  Mount 
Melbourne”,  but,  apart  from  the  tholeiites,  the  only  erratics  of  volcanic  rocks 
from  the  Priestley  Glacier  are  a  mugearite  and  a  line-grained  olivine-free  basalt 
that  may  be  related  to  the  tholeiites  rather  than  to  the  younger  volcanic  rocks. 

The  only  other  possibly  volcanic  rocks  from  the  Terra  Nova  Region  are  the 
tholeiites  with  zeolite-filled  vesicles  from  the  Priestley  Glacier  mentioned  above 
(p.  173). 

Two  boulders  of  kenyte  were  found  on  the  l)each  at  Evans  Coves.  They  are 
thought  to  have  been  trans})orted  on  ice-floes  from  Ross  Island  and  their  present 
position  affords  evidence  of  recent  elevation  of  the  beach.  In  Granite  Harbour 
four  erratics  of  other  volcanic  rocks  were  collected  by  Debenham.  They  are  of 
porphyritic  ankaramitic  basalt  and  limburgite,  unlike  any  of  the  volcanic  rocks 
described  from  Ross  Island. 

The  last  chapter  (V)  describes  the  ])ebbles  dredged  in  the  Bay  of  Whales 
at  depths  of  355-457  metres  on  4th  February,  1911.  These  represent  morainic 
material  probably  derived  from  King  Edward  Land  and  parts  of  Marie  Byrd 
Land.  Quartzites,  schists,  gneisses,  a  few  sandstones,  and  vein-quartz  are  all 
represented.  Quartz-feldspar-porphyries  and  rhyolite,  or  rhyolitic  tuff,  are  frequent 
but  otherwise  volcanic  rocks  are  very  rare,  less  than  one  per  cent  of  the  haul. 

In  conclusion  the  author  of  this  volume  wishes  to  record  his  thanks  to  the 
many  members,  past  and  present,  of  the  Department  of  Mineralogy  of  the  British 
Museum  (Natural  History)  who  in  various  ways  have  helped  him  with  the  work, 
and  to  Dr.  G.  F.  Claringbull,  Keeper  of  Minerals,  who  has  given  the  author  faci¬ 
lities  to  continue  working  in  the  Department.  In  particular  he  wishes  to  record 
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his  great  indebtedness  to  Sir  Raymond  Priestley  and  Professor  Frank  Debenham, 
geologists  on  the  Terra  Nova  Expedition.  At  intervals  during  many  years,  as 
successive  stages  of  the  work  of  describing  their  collections  were  reached,  they 
came  again  and  again  to  his  help.  Much  of  the  geology  of  South  Victoria  Land 
is  now  known,  and  this  is  owed  to  the  men  who  initiated  and  directed  the  exten¬ 
sive  scientific  programme  of  the  Expedition,  Captain  Robert  Falcon  Scott  and 
Dr.  Edward  A.  Wilson,  and  to  the  geologists  who  with  great  patience  and  endur¬ 
ance  collected,  carried  and  man-hauled  on  sledges  a  great  collection  of  geological 
material  and,  in  the  comparative  comfort  of  the  base  huts,  catalogued  and  labelled 
it  all. 

Duplicate  specimens  from  this  collection  have  been  given  to  the  Geological 
or  Mineralogical  Departments  of  many  Universities  and  in  the  Department  of 
Mineralogy  of  the  British  Museum  there  are  over  1,500  registered  specimens. 
These  have  now  all  been  described. 
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EXPLANATION  OF  PLATE 

PLATE  I 

THOLEIITE  ERRATICS  FROM  THE  OUTER  MORAINE  OF  THE  PRIESTLEY  GLACIER 

Fig.  1.  A  medium -grained  ‘basalt’  related  to  the  quartz-dolerites.  Laths  of  labradorite  are  par¬ 
tially  enclosed  by  plates  of  pyroxene.  Dark  ‘glass’  fills  the  interstices.  The  large 
vesicle  is  occupied  by  a  single  crystal  of  stilbite.  B.M.  1953,  89  {20a)  =  1710. 

X  14-5,  p.  167. 

Fig.  2.  Micro- insets  of  pyroxene  occur  occasionally  in  a  fine-grained  groundmass  of  laths  of  labra¬ 
dorite,  granular  pyroxene  and  a  light  mesostasis,  perhaps  a  cryptocrystalline  quartz- 
feldspar  aggregate.  B.M.  1953,  89  (15)  =  1836.  x  36,  p.  169. 

Fig.  3.  Laths  of  labradorite  form  a  mesh  within  which  lie  platy  crystals  and  grains  of  pyroxene 
and  dark  mesostasis.  The  vesicles  are  filled  by  zeolites.  B.M.  1953,  89  (1)  =  1254. 
X  36,  p.  170. 

Fig.  4.  Spherical  vesicle  filled  by  black  glass  in  which  have  crystalhzed  slender  laths  of  feldspar 
and  prisms  of  augite.  Small  vesicles,  within  the  larger  one,  are  filled  with  chlorite 
(bottom  right).  The  rock  consists  of  plagioclase  laths  which  penetrate  and  are  partly 
enclosed  by  augite.  Interstices  are  filled  by  dark  glass.  B.M.  1953,  89  (17)  =  1783. 
X  36,  p.  170. 


Blit.  Mus.  (Nat.  Hist.) 
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Geology.  Vol.  2. 


No.  3.  PI.  1. 


D.  L.  Williams,  B.M.  [Nai .  Hist.),  photo. 


THOLEIITES  FROM  THE  PRIESTLEY  GLACIER 


201 


BRITISH  ANTARCTIC  (“TERRA  NOVA”)  EXPEDITION,  1910 

NATURAL  HISTORY  REPORTS 

Geology.  Vols.  I  and  II 


INDEX 


Abbott,  G.  P.,  II  123,  124 
Abbott’s  Peak,  II  5,  29 
Acanthodii,  I  56 
Actinopterygii,  I  60 
Adelie  Land,  I  2,  113 

Agglomerate,  boulder-bearing,  11  125,  177, 
196 

Turk’s  Head,  II  11 
Algal  peat,  I  17 
Amphibolite,  I  141,  142 
Analyses,  banakite,  I  197 

basalts,  II  82,  84,  99,  121,  155 
diorites,  I  197,  202,  207 
feldspars,  II  48,  131 
granites,  I  170,  179,  197,  202,  225 
granulite,  pyroxene-,  I  179 
kenytes,  II  52,  64 
kenytes,  basic,  II  82 
lamprophyres,  I  197,  202 
limburgite,  II  84 
microgranite,  I  207 
phonolite,  II  37,  158 
pumice,  kenyte-,  II  64 
porphyry, I  197,  202 
sanidinite,  II  160 
tephrite,  II  84 
trachyte,  II  37,  160 
Andalusite  in  schists,  I  161,  165 
Ankaramite,  II  180 
Anorthoclase,  Mt.  Erebus,  II  3,  43,  48 
in  sanidinite,  II  131 
Antarctica  and  Gondwanaland,  I  ■10 
Antarcticoxylon  Priestleyi,  I  5,  17,  111; 

II  188 

Antiarchi,  I  51 

Antiperthite  in  sanidinite,  II  134 
Aplite,  I  181,  211 

erratics,  I  181,  200 
pyroxene- bearing,  I  143 
Arber,  E.  A.  N.,  I  2 

Archaeocyathus,  I  118,  219;  II  187,  190 
Arthrodira,  I  57 
Banakite,  I  195,  197 
“Basalt”,  amygdaloidal,  I  214 


Basalt,  analyses,  II  82,  84,  99,  121,  155 
Bay  of  Whales,  II  184 
Cape  Adare,  II  115 
Cape  Adare,  chem.  comp.,  II  121,  153 
Cape  Barne,  II  69,  86,  98 
Coulman  Island,  II  120 
Dellbridge  Is.,  II  69,  99 
Granite  Harbour,  II  179 
Hut  Point  Peninsula,  TI  76,  148 
Mainland,  II  88 
Mt.  Erebus,  II  68 
Mt.  Melbourne,  II  174,  197 
Murray  Glacier,  II  144 
Newnes  Glacier,  II  115,  140 
Ross  Archipelago,  II  68 
Terra  Nova  Bay,  II  174 
white  incrustation  on,  II  115 
Basalt-tuff,  Hut  Point  Peninsula,  II  15,  16 
Murray  Glaeier,  II  143 
Terra  Nova  Bay,  II  176 
Basanite,  II  12,  81 

Bay  of  Whales,  pebbles  dredged  in,  II  181, 
197 

Beacon  Sandstone,  I  10,  104,  105;  II  190 
coal  in,  I  7,  8,  106 
conditions  of  formation, 
I  112 

dip  on  Beardmore  Glacier 
I  116 

inchided  in  trachyte,  II 
25,  122 

in  Adelie  Land,  I  113 
relation  to  granite,  I  105, 
106 

thickness,  I  105,  110,  116 
tuffs  in,  I  112 

Beardmore  Glacier,  granite,  I  224;  II  194 
qtz.-dolerites,  1  221 
sandstone,  I  115 
limestone  with  Archaeo- 
cyatlms,  I  118 

Benson,  W.  N.,  I  223;  II  194 

Bernacchi,  L.,  II  111 

“Black  Hill”,  Ferrar  Glacier  region,  II  90 


202 


INDEX 


Black  Island,  II  17,  18,  29,  35 
Boomerang  Glacier,  I  147,  212;  II  174 
Boomerang-Campbell  moraine,  I  152,  212; 
11  174 

Borchgrevink,  C.,  II  111,  180 
Bothriolepis  antarcticus,  I  52 
Boulder  Clay,  I  97;  II  185 
Boulders,  striated,  rarity  of,  I  94 
Bowers,  Lieut.  H.  R.,  I  7 
Brit.  Ant.  Exp.  1907-9,  specimens  re¬ 
described,  II  105 
Brown  Island,  II  18,  36 
Buckley  Island,  I  5,  115,  221 
Bifssacanthoides  debenhami,  I  54 

Campbell,  Cdr.  V.  L.  A.,  I  147;  II  181 
Campbell  Glacier,  I  148,  211;  II  174 
Camptonite,  I  191 
Cancrinite  in  sanidinite,  II  133 
Cape  Adare,  I  121;  II  112,  114 

erratics  on,  I  214;  II  135 
volcanic  rocks,  II  111 
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in  pyroxene-granulite,  I  150 
in  schists,  1  140,  148,  161 

Glacial  till  1  99 

Glossopteris  tlora,  I,  5,  37,  117,  118;  II  189 
in  New  Zealand,  I  38 
in  Russia,  I  34 
Glossopteris  indica,  Schiinp.,  I  15 

var.  Wilsoni,  1 
16 

Gneiss  Point,  I  138,  139,  142,  143 
Gneiss,  McMurdo  Sound  region,  I  142,  143 
Terra  Nova  Bay  region,  I  148,  149, 
151,  162 

biotite-,  I  147,  148,  151,  162 
cordierite-,  I  141,  153 
garnet-sillhnanite,  I  140 
pyroxene-,  I  143 
xenolitli  in  granite,  I  176 
Gondola  Ridge,  I  136 
Gondwanaland,  Antarctica  and,  1  40 
Graham  Land,  plants.  Ill 
Granite,  analyses,  I  170,  179,  197,  202,  225 
Granite,  biotite-,  (Granite  Harbour  type), 
I  169,  172,  174,  183,  200 
(Mount  Larsen  type),  1  199 
(Northern  Foothills  type), 
1  208 

hornblendic,  I  182,  183,  210 
in  The  Cloudmaker  mor¬ 
aines,  I  226 
orbicular,  I  176 
xenoliths  in,  I  176 

Granites  and  dyke  rocks,  variation  diagram, 
I  201 

Granite  Harbour,  1  172,  182 

coal  beds,  I  108,  109 
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Turk’s  Head,  II  73 
Kenyte,  nomenclature,  II  40-42 
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Marble  Point,  I  137,  143 
Marine  muds,  I  79 

Mawson,  Sir  Douglas,  I  2,  139,  199;  II  187 
Metamorphic  rocks,  I  I31-I66,  II  191 

distribution  in  moraines, 
I  162;  II  192 

Microgranite,  I  207,  209 
Minna  Bluff,  II,  18,  34,  35,  136,  147 
Moraines,  high  level,  I  82,  93;  II  127 
Morainic  deposits,  I  80-100 
Mt.  Bell,  I  115 

Mt.  Buckley,  see  Buckley  Island 
“Mt.  Cis”,  il  6,  22-26 
Mt.  Darwin,  I  117,  221 
Mt.  Erebus,  II,  3  et  seq. 

Mt.  Gran,  I  106 
Mt.  Hope,  I  115,  224 
Mt.  Melbourne,  II  111,  174 
Mt.  Suess,  I  4,  107 
Mt.  Terror,  II  27 
Mountain,  E.  D.  II  3,  43,  48 
Mugearite,  II  184 

Murray  Glacier,  1  124,  217,  218;  II  143 


Newberyite,  on  basalt,  II  123 
Newnes  Glacier,  I  124,  127;  II  140 
“Niggli  values”,  volcanic  rocks,  II  165 
Northern  Foothills,  I  151,  202,  208 


Observation  Hill,  II  30 
Old  Red  Sand.stone,  I  51 
Orbicular  granite,  I  176 
Osteolepid,  I  59 
Ostracoderms  (Antiarchii),  I  51 

Palaeoniscid,  I  60 
Palagonite-tuff,  II  145 
Peat,  algal,  I  70 

Pebbles,  dredged.  Bay  of  Whales,  11  181,  197 
in  Beacon  Sandstone,  I  106 
Ridley  Beach,  Cape  Adare,  II  138 
Pegmatite,  cutting  pink  granite,  I  185 
Devil’s  Punchbowl,  I  180 
erratic,  Evans  Coves,  I  200 
Inexpressible  Island,  1  211 
pyroxene-,  I  148 
tourmaline-bearing,  I  213 
Peridotite,  enstatite-,  I  202 
Phonolite,  Cape  Adare,  II  123,  124 
chem.  comp.,  II  156,  158 
trachytoid,  II  123,  125,  129,  136, 
138 

chem.  comp.,  II  156 
nomenclature,  II  21, 
22 

(Mount  Terror  D’pe), 
II  27,  28,  29 
(Observation  Hill 
tj"pe)  II  30 

Phyllite,  Bay  of  Whales,  II  182 

erratic,  Murray  Gl.,  1  127 
Pigeonite  in  tholeiites,  II  172 
Pityosporites  antarcticus,  I  23,  111;  II  189 
Plant  stems,  carbonized,  I  12,  107,  111 
Plants,  evidence  of  age,  I  24 
Platforms,  striated,  glacial,  I  95 
Plutonic  rocks,  I  167-185,  II  192,  194 
Polar  Party,  specimens  collected  by,  I  117, 
219;  II  194,  195 

Porphyrite,  Granite  Harbour,  1  195,  196 
PorphjTy,  I  186 

orthoclase-,  I  189 
quartz-,  Ba^'  of  Whales,  II  183 
Ferrar  Glacier,  I  187 
Granite  Harbour,  I  186, 
188 

quartz-orthoclase-,  I  186 

anal.,  I  197 

Potash-oligoclase,  Mt.  Erebus,  II  3,  43,  48 
Priestley,  Sir  R.  E.,  II  3,  113,  187 

metamorphic  rocks,  I 
145-165 

sedimentary  rocks,  I  121- 
124 

slate-greywacke  forma¬ 
tion,  i  127-129 
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Priestley  Glacier  moraines,  basalts  {?),  I  214 

fossil  wood,  I  5, 
12-24,  111;  11 
188 

metamorphic 
rocks, 154 -160 
plutonic  rocks, 

I  213,  214 
sandstone,  1  5 

12,  111 

tlioleiites,  1  214; 

II  167 

Prior,  G.  T.,  1  191,  195,  223;  11  21,  30,  40,  111, 
136,  137,  187 
Pyramid  nunatak,  1  147 
Pyrite  in  greywacke,  1  126 
Pyroxene,  in  aplite,  1  143 
in  kenyte,  11  51 
in  tholeiite,  11  172 
in  phonolite,  11  33 
Pyroxene-grannlite,  analyses,  1  178 

McMurdo  Sound  region, 
1  137-142 

Terra  Nova  Bay  region, 
1  156-158 

xenoliths  in  granite,  1 
176-180 

Pyrrhotite  in  mica-scliist,  1  161 


Qnartz-dolerite,  Beardmore  Glacier,  1  116, 
221 

McMurdo  Sound  region,  1 
198;  11  194 

Royal  Society  Range,  1  106 
Terra  Nova  Bay  region,  1 
214;  11  167,  195 
age,  1  198;  11  195 
heating  effects  on  coal-beds, 
1  112 

relation  to  granite,  1  105, 
109,  185;  11  193 
sills  in  Beacon  Sandstone, 
1  105,  106,  116 

Quartzite,  Bay  of  Whales,  11  182 


Rastall,  R.  H.,  1  125,  127 
Razorback  Islands,  11  14,  29 
Recent  and  Local  Deposits,  1  63-100 
Rhexoxylon,  11  188 
Rhomb-porphyry,  11  40 

feldspars  in,  11  46,  48 
Rhyolite,  Bay  of  Whales,  11  183 


Ridley  Beach,  Cape  Adare,  11  112,  113 
erratics,  11  114 
pebbles,  11  138 

Ripple-marks  in  sandstone,  1  107 
Robertson  Bay,  plutonic  rocks,  1  214-218 

Slate-Grey wacke  formation, 
1  121-128 

volcanic  rocks,  11  112 
Ross,  Sir  J.  C.,  11  186 

Ross  Archipelago,  volcanic  rocks,  11  1-107, 

147 

Royal  Society  Range,  1  106 


Salmon  Hill,  limestone,  1  134 
Sandstone,  1  101-119 

bituminous,  1  107,  111 
feldspathic,  1111 
micaceous,  erratic,  1  127 
sun-cracks  in,  1  107 
see  also  Beacon  Sandstone 
Sanidinite,  11  26,  130,  159,  164 
cancrinite-,  11  133 

Scapolite,  in  crystalline  limestone,  1  158 
in  pyroxene-gneiss,  1  143 
in  pyroxene-granulite,  1  181 
Schetelig,  J.,  1  224,  227 
Schists,  McMurdo  Sound  region,  1  140-142 
Terra  Nova  Bay  region,  1  148, 
159-162 

graphitic  mica-,  1  160,  165;  11  192 
muscovite-biotite-,  1  159 
quartz-.  Bay  of  Whales,  11  182 
“spotted”,  1  161;  11  183 
Scott,  Captain  R.  F.,  First  Exped.,  1  1;  11 

186 

Second  Exped.,  map, 
1  3 

journal,  1  219 
Scott  Island,  11  37,  156,  and  errata 
Sedimentary  rocks,  1  101-130;  11  185 
Selachii,  dermal  tubercles,  1  56 
Seward,  Sir  A.  C.,  fossil  plants,  1  1-49;  11  188 
Shackleton,  Sir  E.,  1  2,  113;  11  111,  123,  186, 
187 

Shale,  bands  in  sandstone,  1  105,  106 
Siderite  in  greywacke,  1  126 
Sieve-structure  in  hornblende,  1  157 
Skuary,  The  (Cape  Evans),  11  9 
Slate-GrejTvacke  Formation,!  121-130, 11 114 

190 

extent,  1  127 
origin  and  age, 
1  128 

Smith,  W.  Campbell,  metamorphic  rocks,  1 

131-166 


206 


INDEX 


Smith,  W.  Campbell,  plutonic  rocks,  I  167- 

227 

volcanic  rocks,  etc.  II 
1  et  seq. 

Snowy  Point,  I  148 
Sodalite,  (?)  in  kenyte,  II  57 

(?)  in  phonolite,  II  31 
Socialite-syenite,  Cape  Royds,  II  135 
Sodalite-trachyte,  Cape  Adare,  II  127,  157 
Southern  Cross  Exped.,  1898-9,  II  111,  186 
Southern  Eyre  Peninsula,  I  144 
Specimens,  index  of,  II  100 
Spessartite,  I  192,  200 

Spherulitic  structure  in  porphyry,  I  188,  189 
Spike  Point,  I  139 

Spinel  in  chondrodite-limestone,  I  135 
Stream  deposits,  I  77 
Sun-cracks  in  sandstone,  I  107 

Taylor,  T.  Griffith,  II  9,  19,  188 

Tent  Island,  II  13,  28,  69,  71 

Tephrite,  pebble.  Cape  Adare,  II  139 

Terminal  moraines,  I  93 

Terra  Nova  Bay  region,  metamorphic  rocks, 

I  145-166 

map,  I  146;  II  168 
jrlutonic  rocks,  I 
199-214 

sedimentary  rocks, 
I  110-113 

Thermal  action  of  dolerite,  I  107-8 

metamorphism  in  schists,  I  165 
Tholeiite,  Priestley  Glacier,  II  167,  197 
mesostasis  of,  II  172 
Tilley,  C.  E.,  I  144 

Tourmaline  in  pegmatite,  I  213 
in  schist,  I  161 

Trachybasalt,  pebbles.  Cape  Adare,  II  139 
Trachy dolerite  (Jensen),  II  72 
Trachyte,  Bay  of  Whales,  II  184 

Cape  Adare,  chem.  comp.  II  159 
Alkali-,  Cape  Adare,  II  129,  136 
Terra  Nova  Bay,  II  176 
phonolitic.  Black  Island,  II  35 
Brown  Island,  II  36 
Cape  Adare,  II  138 
Minna  Bluff,  II  34 ,  35 
Ross  Archipelago,  II  6, 
21,  22,  34 

Tridymite  in  xenoliths,  II  122 
Tripp  Island,  I  138 

Tristan  da  Cunha,  volcanic  rocks,  II  93,  166 


Tuff,  matrix  of  agglomerate,  II  127 
Mt.  Erebus,  II  6,  12 
Murray  Glacier,  II  143,  145 
Ross  Island,  II  6,  11,  12,  15,  16 
Terra  Nova  Bay  region,  I  112 
Turk’s  Head,  II  11,  72 


Variolitic  structure  in  phonolite,  II  124,  156 
Vertebraria,  I  15 
Vogesite,  Cape  Geology,  1  191 
Evans  Coves,  I  200 

Volcanic  craters  on  Mainland,  II  19,  89,  197 
debris  in  Beacon  Sandstone,  1111 
rocks.  Bay  of  Whales,  II  184 
Cape  Adare,  II  109-150 
Cape  Adare,  chem.  comp., 
II  153 

differentiation  diagram,  II 
92,  154 

Granite  Harbour,  II  179 
Ross  Archipelago,  II  1-107, 
195 

Terra  Nova  Bay,  II  174 


Walkom,  A.  B.,  I  137,  157 
White  Island,  II  17 
Wild  Mountains,  I  116,  117 
Wilson,  Hr.  E.  A.,  II,  187,  188 

fossil  plants,  I  5 
geological  sketches,  1 115- 
117 

specimens  collected,  I  219 
Wind  action  on  grej’wacke,  I  126 
erosion,  I  67 
Wind-laid  gravel,  I  67 
Wollastonite,  in  limestone,  I  182 
Woodward,  Sir  A.  S.,  fish-remains,  I  51-62; 

II  188 

Wright,  C.  S.,  I  115;  II  188 


Xenoliths  in  basalt.  Cape  Adare,  II  120 
in  granite,  I  174 

in  trach^'te,  “Mount  Cis”,  II  25, 
122 


Zeolites  in  tholeiites,  II  169 
Zoisite  in  p^TOxene-granuhte,  I  156 
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